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This report describes a portion of the work performed from 
July 1980 to March 1982 under Contract NAS8-33448 for the George €♦ 
Marshall Space Flight Center, National Aeronautics and Space 
Administration, Marshall Space Flight Center, Alabama. The 
technical managers for MSFC were Mr. B. R. Hollis, Jr., 

Mr. R. F. Dehaye and Mr. J. M. Gould. This report was prepared 
by the Microelectronics Research Laboratory of the Department of 
Electrical Engineering, Mississippi State Dniversity, under the 
direction of the principal investigator Dr. Thomas E. Wade. The 
principal participants in the program were Mrs. Mildred N. Sellars 
and Mr. James Ebentier. 

This final report has been divided into four areas of emphasis, 
with a separate comprehensive report for each area. These four 
areas represent the following subject groupings: 

PART I. Emphasis is on the realization of very dense 
metal interconnection for VLSI systems 
utilizing the lift-off process. Both a survey 
of lift-off techniques is presented as well as 
experimental and novel lift-off methods which 
have been investigated by the author. 

PART II. Emphasis here is on multilevel metal interconnection 
system for VLSI systems utilizing polyimide as the 
interlayer dielectric material. A complete 


characterization of polyimide materials is 


PART III. 


PART IV. 


presented as well as experimental methods 
accomplished using a double level metal 
test pattern. A novel double exposure 
polyimide patterning process is also 
presented. 

Emphasis is on dry plasma processing including 
a characterization of and an equipment survey 
for plasma etching, reactive ion etching, 
(reactive) ion milling and plasma deposition 
processes. Also included is an indication of 
future microelectronic trends, including 
patterning technology, lithography, materials 
deposition, packaging, etc. 

Emphasis here is on an evalution of dielectric 
material for use in VLSI metal interconnection 
systems. A number of dielectric material types 
(or combination of materials) are experimentally 
evaluated using a second test pattern. Recom- 
mendations are presented based on these findings. 
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I. INTRODUCTION 

The objectives of this part of the contract effort was to 
conduct an accurate study and evaluation of dielectric thin films 
in order to find the material or combination of materials which 
would optimize NASA's double layer metal process. Emphasis was 
placed on polyimide dielectrics because of their reported out- 
standing dielectric characteristics (including electrical, chemical, 
thermal, and mechanical) and ease of processing, as well as their 
rapid acceptance by the semiconductor industry. 

The following dielectric materials were evaluated: 

a. Atmospheric CVD silicon dioxide (phosphorous doped) 

b. Polyimides (Hitachi PIQ-13 and Dupont PI-2555 and 

PI-2545) 

c. Low pressure CVD silicon dioxide (both doped and undoped 

varieties) 

d. Sputtered quartz (undoped) 

e. Plasma deposited silicon dioxide (both doped and undoped 

from two different vendors) 

f. Plasma deposited silicon nitride 

g. Composite films of polyimide and atmospheric CVD silicon 

dioxide 

Composite films of polyimide and LPGVD silicon dioxide 


(doped/undoped) 


Composite films of polyiinide and sputtered quartz 
Composite films of polyimide and plasma deposited silicon 
dioxide 

Composite films of polyimide and plasma deposited silicon 
nitride 

h. All of above films over thin aluminum for pin-hole evaluation. 

Over .200 wafers have been prepared utilizing these dielectric materials 
such that a thorough characterization and evaluation may be conducted. 
Based upon these findings, certain dielectrics are recommended for 
NASA's use in their custom VLSI MGS arrays which will be yield 
efficient, reliable (short and long term life tested), and hence 
economical . 


II . EXPERIMENTAL PROCEDURE 

A. General Setup 

In this experimental study, 10 lots of 25 each 3 inch 
Monsanto silicon wafers having a resistivity of 9-15 ohm-cm. , 
orientation <111> and boron doping were used as substrate 
material. These ten lots were designated as MSI through MSIQ. 

Two lots, MS6 and MSlO were used for process development of the 
polyimide materials and test wafers. Lot MSA was used for pinhole 
density determination test and dielectric adhesion studies. 

All wafers used in this study were furnished by Applied Micro 
Circuits Corporation of San Diego, California. 


All wafers were thermally oxidized at the outset using a 
Therraco furnace set at 1050°C and a 15 minute dry 0 ^ , 120 minute 
steam, 15 dry O 2 and a 2G minute N 2 anneal process resulting in 
approximately 7500^ thick oxide. Oxide and other dielectric 
measuremenUs were made with a Manometries Nano Spec/AFT Micro 
Area Gauge and a Nanometrics CTS-102 Film Thickness instrument. 

The pinhole decoration wafers. Lot MS4, were thermally oxidized with 
only 1200 X of oxide (royal blue color in white light) and a 
subsequent 2000 ^ Al/Si metal DC sputtered on them. 

Metallization of all wafers was accomplished in an MRG 603 
vertical sputter system at approximately 8 kilowatt deposition 
power and 12 millitorr pressure. Patterning of aluminum (and 
dielectric) thin films was accomplished with positive photoresist 
and a Perkin-Elmer 140 microalign projection exposure system. 

Most dielectrics used in this study were de.posited at 
different semiconductor related vendors — -as Indicated in Wafer 
Process List, section C — using the vendors demonstration equipment. 
Atmospheric CVD phosphorous doped oxides deposited using an AMS 
2000 Reactor at 450°G and all polyimides (Hitachi PIQ and Dupont 
PI 2545 and PI 2555) were processed at Applied Micro Circuits 
Corporation. Low pressure CVD oxides were deposited using 
an Applied Crystal Science SPLTO Reactor (diffusion tube type) 
at 420°C, 320 millitorr and 4% by mol. weight phosphorous 
doped. Plasma enhanced nitrides were deposited by the LFE 
Corporation using their System 8000 reactor at 340*^0, and 600 
watts. The plasma enlianced oxides were deposited primarily 
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by Pacific Western. Systems, Inc. in their Coyote Reactor at 
380°C and a pressure of approximately 1 torr. A few plasma 
deposited oxide wafers were processed at LFE Corp. at 340°C, 

45 watts power level. The sputtered quartz was deposited at 
Varian Corp. using their model 3125 RF S-Gun System with 
revolving planetary system. Wafers are heated to approximately 
150-200°C during deposition and result in an oxide composite 
of SiO^ where X ~ 1.3. For all composite materials (i.e., 
deposition of 4000 atmospheric CVD oxide followed by a 1 P 
thick layer of DupontPX 2555 polyimide) , the first layer was 
deposited and via holes (and pads) were patterned prior to 
depositing and patterning the second dielectric material. 

Both first (1 P thick) and second (1.5 V thick) level 
metal layers consist of aluminum with 1% silicon. In order to 
obtain low ohmic resistance between these two levels in via's 
(opening in the dielectric to allow first and second level 
continuity), a EF sputter etch step is incorporated in-situ 
prior to depositing the second level metal. In processing some 
of the wafers for this study, the sputter etch step was 
inadvertantly left out. This resulted in via chains having 
very high resistance (open-circuited) which could not be broken 
down by either increased anneal temperature 
applying a d.c. bias. 
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and time or by 


B. Test Mask Description 


The test mask used in evaluating these dielectrics consisted 
of several areas as follows : 


AREA I. Via Test Pattern . Consist of a chain of 4G0, 6G0, lOOG 
2000 via's all 8x8 microns square. Also, small chain 
of 10 via's both 8x8 and 6x6 microns in size. 

AREA II. Capacitor Short Check . Consist of first and second level 

2 

metal capacitor plates of area 1194 mils or 770,625 
microns square. Second metal overlaps first metal by 
10 microns all around. 

AREA III. Cross-Over Test Area . Consist of 8442 cross-overs having 
first level metal 5 microns wide and 139,700 microns long, 
and second level metal 8 microns wide and 84,350 mi crons 
long. Total cross-over area is 337,680 square microns 
(523.3 square mils). 


AREA IV. Interdigitated Metal . For each level of metal, unconnected 
interdigitated metal patterns are formed, each half of the 
pattern being connected to a pad. First level metal 
pattern consist of 19,000 micron (748 mils) long, 5 micron 
wide with 5 micron spaces. Second level metal pattern 
consist of 12,160 micron (479 mils) long, 8 microns 
wide with 8 micron spaces. 

AREA V. Metal Resistivity Monitoring Fattern . For each level of 
metal, a pattern consisting of three pads is used to 
monitor the resistivity of that levels metal. Between 
the first two pads, 35 squares of metal exist. Between 
the first and third pad, 74 squares of metal exist. By 


measuring the resistance between these two sets of 

! 

pads, the metal ohms per square may be determined j 

excluding contact resistance of the measuring probes. 

The width of these first and second level metal runs 

is 50 microns. i 

V 



C. Wafer Process List 


The following wafers have been processed for accurate comparison 
of the most promising dielectrics based on extensive literature 
searches : 


1. Atmospheric Chemical Vapor Deposited Silicon Dioxide, Atm. SIO^ 


Source: Applied Micro Circuits Corporation 

8808 Balboa Avenue 
San Diego, GA 92123 


17 wafers, ly thick phosphorous doped (MSl-1 thru 17) 

6 wafers, G.4y thick phosphorous doped for PI composit 
2-PIQ 13 wafers 9-1, 9-2 
2-PI 2555 wafers 9-3, 9-4 
2-PI 2545 wafers 9-5, 9-6 

6 wafers, 0.4y thick phosphorous doped over PI 
2-PIQ 13 wafers 9-7, 9-8 
2-PI 2555 wafers 9-9, 9-10 
2-PI 2545 wafers 9-11, 9-12 

1 wafer for pinhole density determination 

1 wafer, 0.4y thick vapox then PIO 13, 4-20 


2. Low Pressure Chemical Vapor Deposited Silicon Dioxide LPCVD-Si02 


Source: Applied Crystal Science 

2035 O'Toole Avenue 
San Jose, GA 95131 
ATTN: Chris Guiver (408)946-9353 


6 wafers, ly thick phosphorous doped (3-4% mol. wt.) 
(wafers 2-8, 2-9, 2-10, 2-11, 2-12, 2-14) 

6 wafers, ly thick undoped (wafers 2-7, 2-16, 2-17, 2-21, 
2-22, 2-23) 

6 wafers, 0.25y thick phosphorous doped (for PI composit) 
2-PIQ 13 wafers 2-13, 2-15 
2-PI 2555 wafers 2-18, 2-19 
2-PI 2545 wafers 2-20, 2-24 
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6 wafers, 0.25y thick undoped (for PI composit) 

2-PIQ 13 wafers 2-1, 2-2 
2-PI 2555 wafers 2-3, 2-4 
2-PI 2545 wafers 2-5, 2-6 

6 wafers, 0.25y thick phosphorous doped over PI 
2-PIO 13, wafers 7-1, 7-2 
2-PI 2555, wafers 7-5, 7-7 
2-PI 2545, wafers 7-9, 7-10 

6 wafers, 0,25p thick undoped over PI 
2-PIQ 13, wafers 7-13, 7-3 
2-PI 2555, wafers 7-6, 7-17 
2-PI 2545, wafers 6-6, 8-7 

4 wafers for pinhole density determination 

2 wafers with ly phosphorous doped LPCVD 
Si02 (4-6, 4-7) 

1 wafer with 0.25y phosphorous doped for 
PI composit (4-8) 

1 wafer with PIQ 13 then 0,25y phosphorous 
doped (4-16) 


Plasma Enhanced Silicon Dioxide, P.E. Si02 


Source; Pacific Western Systems, Inc. 

505 East Evelyn Avenue 

Mountain View, CA 94041 

ATTN: John Ronald (415) 961-8855 

6 wafers, ly thick phosphorous doped (3-4% mol. Wt.) 
(wafers 3-3, 3-12, 3-19, 3-20, 3-21, 3-23) 

6 wafers, ly thick undoped 

(wafers 3-11, 3-9, 3-14, 3-17, 3-22, 3-24) 

6 wafers, 0.25 thick phosphorous doped (for PI composit) 
2-PIQ 13, wafers 3-1, 3-6 
2-PI 2555, wafers 3-8, 3-10 
2-PI 2545, wafers 3-15, 3-18 

6 wafers, 0.25 y thick undoped (for PI composit) 

2-PIQ 13, wafers 3-2, 3-4 
2-PI 2535, wafers 3-5, 3-7 
2-PI 2545, wafers 3-13, 3-16 

6 wafers, 0.25y thick phosphorous doped over PI 
2-PIQ 13, wafers 7-15, 7-16 
2-PI 2555, wafers -7-8, 7-18 
2-PI 2545, wafers 7-11, 7-12 
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5 wafers, 0.25vi thick undoped over PI 
2-PlO 13, wafers 7-A, 7-14 
2-PI 2555, wafers 8-11, 8-12 
1-PI 2545, wafers 7-24 

4 wafers for pinhole density determination 

2 wafers with Ip phosphorous doped P.E. 

Si02 (4-9, 4-10) 

1 wafer with 0.25p phosphorous doped for PI 
composit (4-11) 

1 wafer with PIQ 13 then 0.25p phosphorous 
doped (4-17) 

Also sent 3 wafers to Bill Liggett, LPE, for plasma enhanced 
Si 02 deposition as follows: 

2 wafer. Ip thick undoped, wafer 3-25, 5-25 
1 wafer, 0.25p thick undoped (for PI composit), 
wafer 7-25 


4. Sputtered Quartz SiOx 


Source : Varian Corporation 

611 Hansen Way 
Palo Alto, CA 94303 
ATTN: Dennis Nichols 

(415) 493-4000 Ext. 3826 

7 wafers, 5000 A thick (NS 5-13 thru 19) 


5 wafers, 1000 A thick for PI composit 

2-PIQ 13 wafers 5-20, 5-21 
2-PI 2555 wafers 5-22, 5-23 

1- PI 2545 wafers 5-24 

6 wafers, PI then 1000 A thick quartz 

2- PIQ 13 wafers 8-2, 8-3 
2-PI 2555 wafers 8-4, 8-5 
2-PI 2545 wafers 8-14, 8-15 


3 wafers for pinhole density determination 

1 wafer with 5000 1 . quartz, wafer 4-14 
? wafer with PIQ 13 then 1000 A quartz, 4-19 
1 wafer with 1000 A quartz for PI composit, 4—15 
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5. Plasma Enhanced Silicon Nitride, P.E. Si N 

[ X y 


Source: LFE Corporation 

3375 Scott Blvd. 

Suite 102 

Santa Clara, CA 95051 
Attn; William T. Liggett 
(408) 727-2360 


6 wafers. Ip thick P.E. Si N (MS 5-1 through 6) 

X y 

6 wafers, 0.25y thick for P.I. coraposit 
3-PIO 13 wafers 5-8, 5-11, 5-12 
2-PI 2555 wafers 5-9, 5-10 

1- PI 2545 wafer 5-7 

6 wafers, P.I. then 0.25p thick P.E, Si N 

X y 

2- Piq 13 wafers 8-8, 8-10 
2-PI 2555 wafers 7-19, 7-20 
2-PI 2545 wafers 7-21, 7-22 

3 wafers for pinhole density determination 

1 wafer with Ip PE Si N (4-12) 

X y 

1 wafer with 0.25p for P.I, composit (4-13) 

1 wafer with PIQ 13 then 0.25p P.E. Si^N^ (4-18) 


6 . Polyimldes, Hitachi PIQ-13 and Dupont PI 2545 and PI 2555 

Source: Applied Micro Circuits Corporation 

and 

Mississippi State University 


2 wafers, 0.5p thick PIQ 13 (9-13, 9-14) 

2 wafers, 0.5p thick PI 2555 (9-15, 9-16) 

2 wafers, 0.5p thick PI 2545 (9-17, 9-18) 

2 wafers, 0.75p thick PIQ 13 (9-19, 9-20) 

2 wafers, 0.75p thick PI 2555 (9-21, 9-22) 
2 wafers, 0.75p thick PI 2545 (9-23, 9-24) 
2 wafers, l.Op thick PIQ 13 (9-25, 8-16) 

2 wafers, l.Op thick PI 2555 (8-17, 8-18) 
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2 wafers, l.Oy thick PI 2545 (8-19, 8-20) 

2 wafers, 1.25y thick PIQ 13 (8-21, 8-22) 

2 wafers, 1.25^' thick PI 2555 (8-23, 8-24) 

2 wafers, 1.25y thick PI 2545 (8-25, 2-25) 

4 wafers for pinhole density determination 

1 wafer with 0.75y thick PIQ 13 (4-21) 

1 wafer with 1.25p thick PIQ 13 (4-23) 

1 wafer with 0.75y thick PI 2555 (4-22) 

1 wafer with 1.25p thick PI 2555 (4-24) 

2 wafers, 2.0y thick PIQ 13 (8-1, 8-13) 

2 wafers, 2.0y thick PI 2555 (10-4, 10-6) 

2 wafers, 2. Op thick PI 2545 (10-8, 10-23) 


D. Restricted Wafer List Studied 

Of the some 200 wafers processed, over 200 die per wafer 
were realized. In collecting data for the dielectric comparative 
studies, over 40 measurements per die is required (resistance, 
leakage currents and breakdown voltage measurements for capacitor, 
cross-over, interdigitated fingers, via chain as well as capacitance 
of big capacitor for five different anneal temperatures) resulting 
in over 1.5 million measurements. Since collecting and analyzing 
this amount of data within the time frame required was impossible, 
the number of wafers studied was decreased to 30 representative 
dielectrics, in addition to those in lot M4 which were used for 
pin-hole and dielectric adhesion studies. For ease of reference, 
the dielectrics have been coded as indicated in Table 1, and the 
actual wafers studied are listed in Table 2. 
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TABLE 1 - 


WAFER CODE 


Wafer Type 


Code 

Doped Atmospheric CVD 

Si02 

D-Ox 

Doped LPCVD SiO^ 


D-LP-Ox 

Undoped LPCVD SiG^ 


U-LP-Ox 

Doped Plasma Enhanced 

Si02 

D-PE-Ox 

Undoped Plasma Enhanced SiO^ 

U-PE-Ox 

Sputtered Quartz 


Qtz 

Plasma Enhanced Si N 
X y 


PE-Nit 

Hitachi PIQ-13 


PIQ 

Dupont PI-2545 


2545 

Dupont PI- 25 5 5 


2555 


TABLE 2 - WAFER TYPE 


Wafer Ro. 

1- 7 
9-2 
9-8 

2 - 22 
2-8 

2- 15 
2-2 
7-2 
7-13 

3- 23 
3-9 
3-6 
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lype 

lyD-Ox 

0.4yD-0x + 0.7y PIQ 
0.9y PIQ + 0.5y D-Ox 
ly u-LP-Ox 
ly D-LP-Ox 

0.25y D-LP-Ox + ly PIQ 
0.25y U-LP-Ox + ly PIQ 
0.7y PIQ + 0.25y D-LP-Ox 
0.6y PIQ + 0.25y TJ-LP-Ox 
0.95y D-PE-Ox 
l.ly U-PE-Ox 
0.25y D-PE-Ox + §.9y PTO 

0.25y ¥-PE-Ox + 0.9y PIQ 


7-25 


TABLE 2 - WAFER TYPE (Continued) 


Wafer No. 

Type 

7-15 

0.6y PIQ + 0.25y D-PE-Ox 

7-14 

0.6y PIQ + 0.25y U-PE-Ox 

3-25 

0.8y U-PE-Ox 

5-14 

0.35y Qtz 

5-21 

O.ly Qtz + 0.9y PIQ 

8-3 

0.6y PIQ + O.ly Qtz 

5-3 

l.Oy PE-Nit 

5-12 

0.25y PE-Klt + 0.9y PIQ 

8-10 

0.6y PIQ + 0.2y PE-Nit 

9-16 

l.Oy 2555 

9-25 

0.8y PIQ 

8-18 

1.5y 2555 

8-20 

l.ly 2545 

8-22 

1.2y PIQ 

8-24 

1.5y 2555 

8-25 

1.25y 2545 

8-13 

1.7y PIQ 


E. Test Setup 

The test setup for monitoring breakdown voltages, leakage 
currents and via chain resistances is shown pictorially in 
Figures 1 through 3. An Elect roglas probe station was used in 
conjunction with a Keitkley 416 Electrometer (for current leakage 
measurements) and other precision voltage, eapaeitance and 
resistance measurement apparatus. 
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Figure 1. Test set-up for making break-down voltage 
measurements. 



Figure 2. Test set-up for making leakage current measurements. 

Notice the copper shielding employed to Increase 
precision of measurement. 
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Figure 3. Test set-up used to monitor via resistance 
capacitance measurements, short circuit and 
open circuits for capacitors, cross-overs, 
and Interdlgltated fingers. 
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III. 


EXPERIMENTAL DATA AND RESULTS 


Data and results on an individual dielectric basis and its 
composite with polyiraide are presented together as a group in 
the same order as the dielectric listing presented in Table 2. 
Summary results for atmospheric CVD oxide are presented in Tables 
3 through 5. It should be noted that this dielectrie was 
annealed at 400°C for 30 minutes in nitrogen prior to taking 
measurements on it. Thus, for this dielectric (and only this 
dielectric) data could not be taken on breakdown voltages, 
leakage currents, via resistances, etc. as a function of anneal 
temperature and time as was taken for all other dielectrics. 

Figure 4 (top) presents a profile of via resistance as a function 
of position across the wafer for 400 and 50G°C temperature anneal. 
The bottom figure represents the behavior of via resistance as a 
function of anneal temperature (representative dat-’ taken on 
later set of experiments). Figures 5 through 9 represent visual 
inspections of atmospheric OVD oxide wafers as observed through 
a microscope. As seen, the deposition of oxide on top of 
polyimide resulted in severe cracking of this glass layer. 

Also shown are typical breakdown phenomena on capacitors and 
cross-over sections of the test-pattern. Figures 10 through 19 
illustrate observed results in viewing cross-sections of this 
dielectric and its polyimide composites using a scanning electron 
microscope (SEM). Using this analytical technique, thicknesses 
of the various thin films can be accurately deteonnined, step 
coverage of the dielectric over first level metal and second 
level metal over the dielectric can be observed, via formation 
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and misalignment problems associated with via formation are 
noted, etc. 

Information on low pressure CVD oxides (sometimes referred 
to as low temperature oxides - LTO) and their composite with 
polyimides are given in summary Tables 6 through 8 and 14 through 
16 i The information presented in Tables 9 through 13 represent 
via resistance data for wafer 2-15 taken at various temperature 
anneal states. This same data was taken and tabulated for all 
wafers monitored, but is presented here for this one wafer as 
an indication of the nimiber of die per wafer monitored (76) and 
the relative location of these die on the wafer. Based on this 
data for each wafer, the via resistance vs. position profile 
curves have been drawn, as shovm in Figures 20 through 23. Figure 
24 shows a microscope photography of an observed capacitor 
breakdown location for wafer 7-2, and Figures 25 through 31 
present representative SEM analysis for low pressure CVD oxide 
films and their polyimide composites. 

Plasma enhanced oxides and their composites with polyimides 
are presented in Tables 17 through 23 and associated average 
via resistance data in Figures 32 -through 36. Figures 37 
through 42 present microscope observed results associated with 
plasma deposited oxides and their polyimide composites and Figures 
43 through 54 their SEM analysis. 

Summary of measured data and visual inspection information 
for sputtered quartz are presented in Tables 24 through 26 
and associated average via resistance data in Figures 55 through 57. 
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Microscope inspection photographs of sputtered quartz and their 
polylmide composites are shown in Figures 58 and 59, and related 
SEM analysis in Figures 60 through 65. 

Plasma enehanced nitride summary data is presented in 
Tables 27 through 29, average via resistance data in Figures 66 
through 68, and SEM analysis in Figures 69 through 74. 

Lastly, straight polyimide as a dielectric is considered, 
with summary data presented in Tables 30 through 37 and average 
via resistance data in Figures 75 through 82. Microscope 
observations are presented in Figures 83 through 89 and SEM 
analyses in Figures 90 through 95 . 
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Figure 5. Wafer 9-8. l;jin PIQ plus 4000A atmospheric CVD Si02 
Notice cracks in top dielectric. 
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Figure 10. Wafer 1-5, SEM Micrograph of cross-over structure utilizing 
atmospheric CVD deposited Si02 as dielectric of approxi- 
mately 1 micron thickness. Magnification is 5500X. 



Figure 11. Wafer 1-5, SEM micrograph of via cross-section utilizing 
1 micron atmospheric CVD deposited Si02 as dielectric. 
Magnification is 6050X. 
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Figure 12. Wafer 1-5, Microslice of large capacitor showing thicknesses 
of top layer Al/Si, atmospheric CVD Si02 and bottom layer 
Al/Si. Magnification is 8800X. (More accurate thin film 
thicknesses were obtained from the SEM CRT than that 
illustrated in this photo.) 
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Wafer 9-1, cross-section of a via, dielectric consists of 
0.4 p thick undoped atmospheric CVD Si02 (bottom) plus 
0,75 p PIQ-13 (top). Magnification is 6600X. 


Cross-over of wafer 9-1, notice planarizing characteristic 
of polyimide. Magnification is 4400.X. 
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Figure 15. Cross-section of wafer 9-1 showing thickness of top layer 

Al/Si, PIO-13, atmospheric CVD Si02 and bottom ].ayer Al/Si. 
Magnification is 8800X. 







Figure 16. Via of wafer 9-7, dielectric consisting of 0.4 y atmospheric 
CVD Si02 (top) and approximately Ip PIQ-13 (bottom). Notice 
crack, in Si02 layer. Magnification is 6600X. 



IR 

'i 

■i Figure 17. Via of wafer 9-7 with top layer Al/Si removed (knocked off 

in preparing SEM sample). Magnification is 6600X. 

y 
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Figure 18. Cross-over of wafer 9-7 indicating the two layers of 
dielectric. Magnification is 6600X. 



i 


Figure 19. Cross-section of wafer 9-7 showing thickness of top layer 
Al/Si, atmospheric CVD/Si02, polyimide PIQ-13 and bottom 
layer Al/Si (nou shown up here). Magnification is 8800X. 
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Table 6, Measured data and visual inspeetion summary for wafer 2-22 
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Table 7. Measured data and visual inspeetlon summary for wafer 2-8 
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Table 8. Measured data and visual inspection summary for wafer 2-15, 
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OF POOR QUAUTY 





Figure 20. 


Wafer 2-15. ■ The die! 
thick low pressure C’ 
0.95 microns thick H: 
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Table 10. Via resistance data for wafer 2-15 as measured after 
a 30 rainnte 100 C temperature anneal in nitrogen. 
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Table 11. Via resistance data for wafer 2-15 measured after 

an additional 30 minute 200 C temperature anneal in 
nitrogen. 
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Table 12. Via resistance data for wafe^ 2-15 measured after 
an additional 30 minutes 300°C anneal in nitrogen. 
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Table 13. Via resistance data for wafer 2-15^measured 

after an additional 30 minutes AOO C anneal in 
nitrogen. 
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Table 14. Measured data and visual inspection summary for wafer 2-2. 
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Figure 21. Wafer 2-2. The dielectric consist of 0.25 microns 
undoped low pressure CVD oxide (bottom) plus 1.05 
microns Hitachi PIO-13 polyimide (top) . 
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Table 15. Summary of measured data and visual inspection for wafer 7-2. 
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Figure 22. Wafer 7-2. The dielectric consist of 0.65 microns 
thick layer of Hitachi P IQ-13 (bottom) plus a 0.25 
micron thick low pressure CVB doped oxide (top). 
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Table 16. Summary of measured data and visual inspection for wafer 7-13. 
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Figure 24. 


Wafer 7-2. IP PIQ pl'JS 2500A doped LPCVD Si02- 
Notice location of capacitor breakdovm. 
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Figure 25. 


Via’ 
1 P 


■5 of wafer 2-21, dielectric consist of approximately 
undoped LPCVD Si02- Magnification is 2750X. 








H 



Figure 26. Cross-over of wafer 2-21 illustrating step-coverage. 
Magnification is 2750X. 
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Figure 27. 


Step coverage of first level metal for wafer 2-21. 
Magnification is ll.OOOX. 
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Figure 28. Via's of wafer 2-13, dielectric consist of doped LPCVD 

Si02 (bottom) and polyimide PTQ-13 (top). Magnification 
is 5300X. 
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Figure 29. Cross-over for wafer 2-13. Magnification is 7700X. 
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Figure 30. ^ view of top and bottom layer interdigitated finger 

layout for wafer 2-13. Magnification is llOOX. 
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^ Figure 31. 


Cross-section of big capacitor for wafer 2-13 illustrating 
top layer Al/Si , polyimide PIO, thin layer of LPCVD 
Si02 and bottom la“3r of Al/Si. 
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Table 17. Summary of 

measured 

data 

and visual inspection for wafer 3-23. 
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Figure 32. 


Wafer 3-23. The dielectriG consist of 0,95 microns 
doped plasma enhanced oxide. 
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VIA5 OVER ETCHED, VEST EtOFED SIDE 

NO BUBBLING, 

BEEAXDOVNS OCCURRED AT 

SAILS, STEEP STEFS, 

POOR STEF 

COVERAGE, 

OVER 

STEPS 




ttCEINC AND »NSEK ETCHIKG IN THE SANE LOCATIONS 


Table 18. Summary of measured data and visual inspection for wafer 3-9 



‘X I 1. « mL %, 


ORlGiNAL PAGE ^ 

OF POOR QUALITY 


Vmi KDHBER 3-4 
CAPiCITAHCE (IflOEKZ) 23.75pf 
1st Kmi(CO) BESISTAHCE 13C3obsi 
IltKACE CirRSEKTtpt) 


OIEIECTBIC TTPF DOPED PUSKA OXIDE * PIO 
DIELECTBK THiJKNESS .7lBiei*nf 

2od KETU(CO) RESISTANCE ZlioliBf 

REEAKDOVN VOETACt 




35 'C 

FINAL t 

2$ 'C 

200 <C 

FINAL 

t 

CAPACITOR 


3.5 

.1 

$4$ 

$4$ 

$30 

<- FINAL TEKFERATURE FOI 



— 





- POLVIMIDE IS 400 ‘C 

CROSS-OVER 


310 

24$ 

44$ 

400 

47$ 

OTHERS SOD'C 

— 

— 

— 



— 


- (CO)- CROSS-OVER 

1st ilETAL(Ii') 

, 

PI 

15$ 

NIA 

N/A 

N/A 

(IF)- IKTEHDICmTED 

VTur.rDt 

3bC KETAUIF) 


MS 

220 

N/A 

N/A 

N/A 

(NO)- NORHALL? OPEN 








npry^ 









SEA5DBINC VOLTAGE 

MX.O 

M2.I 





— ... 

— 

— 





IHTEBDICITATED 



VIA CHAINS 




FIHCIRS 


IDIO 

401 

401 CAPACITOR 


CROSS-OVER 

1st HETAL Zsd HETAL 

fHOBTS 

0 

1 

4 1 


1 


2 1 

OPENS 

1 

1 

1 <N0I 


<N0) 


(NO) (NO) 




VISUAL INSPECTION 




-JEFORE ANHEli 

INC 



AFTER ANNEALINC 


£000 VIA DEFINITION, SLOPED SIDE 
•«AILS, COOD STEP COVERAGE 


-30BBUNC IN THE CENTER DIE , NO SICK 
4>r IIFTINC 


Table 19. Nummary of measured data and visual inspection for wafer 3-6. 


AVER/XGE VIA RESISTANCE (m^/vla) 


ORIGINAL PAGE )S 
OF POOH QUALITY 




ANNEAL TEMPERATURE (“G) 


Figure 34. Wafer 3-6. The dielectric consist of 0.25 microns 

doped plasma enhanced oxide (bottom) plus 0.85 microns 
Hitachi PIQ-13 (top). 
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ORlG'i'iAL PACE fS 
OF POOR QUALITY 


VAI£1 KimSEI 7-}S 
CmCtTAKCE (lOIXKZ) 22pf 
1st KETIL(CO) KESISTMiCC 10n«his 

ItAUCE CUilEKT(pt) 


lEASVSIKC VOLTAGE 214.4 114.4 


DIElECTBie TYPE VNOOPED FIASHA OXIDE (LFE) ¥ MQ 
DIELECTRIC THICKHESS .niiiertm 
lad i1ETAL<CO) RESISTANCE 342obis 
fiRElSDOVK V0;.T1CI 



25 'C 

FINAL t 

IS 'C 

200 'C 

FINAL < 

CAPACITOR 

».l 

1.7 

540 

575 

too 

CROSS-OVEl 

lit 

270 

545 

530 

520 

1st HETU (IF) 

M 

UD 

H/A ■ 

N/A 

N/A 

2nd HETU (IF) 

14S 

250 . 

N/A 

N/A 

N/A 


VIA CHX5N5 

ms iSI 4SI -UPACITQR 


CROSS-OVER 


EOLVIKIDE IS 40S’C 
OTHERS SSO'C 
(CO)- CROSS-OVER 
(IF). IHTERDICITATBD 
FINGERS 

(NO)- r.PJttllT OPEN 
OPEN- R)lBN({»ha 

IKTEEDICITATED 

FINGERS 

1st HETU l&d METAL 


SHORTS 

1 

1 

1 

1 

1 

0 

1 

OPENS 

1 

4 

1 

(NO) 

(NO) 

(NO) 

(NO) 


VISUAL INSPECTION 


lEFORE ANKEALIHG 


AFTER ANNEALING 


GOOD VIA DEFINITION AND SIDEVALL 
SLOPE, GOOD STEP COVERAGE 


BUEBLIKC IN THE CENTER DIE. 
OGCATIONAL IREAKDOVNS BETWEEN PADS 


Table 20. Summary of measured data and visual inspection for wafer 7-25. 









ORsGS^^AL Pt 

OF POOR 


VAfEl NVHBEB 7-IS 
UPiClTANCE <iSDm) 3D.I7Spf 
1st KETU(CO) SESISTAKCS UUebM 
lEAKACE CntlEimpat 


Dimcmc TYPE PIQ f DOPED PUSIU OXIDE 
DIELtCtilC THICKNESS .tliteicni 
iBd KETAKCO) RESISTANCE N/A obis 

BSEIEDOWH VOLTICX 




J5 ’C 

FINAL t 

23 'C 

200 ’C 

FINAL t 


CAPACITOR 


U 

23SS 

300 

440 

330 

•- FINAL TEHPERATURE FOI 


— 


— 

— 



POLYIHIOE IS 400 >C 

CROSS-OVER 


210 

10000 

320 

400 

400 

OTHERS 300 'C 
(CO)- CROSS-OVER 








1st HETAtUF) 


310 

700 

N/A 

N/A 

N/A 

(IF)- INTERDICITATED 
FINGERS 








In< HETAUIF) 


170 

iSO 

N/A 

N/A 

N/A 

(NO)- KORKALL? OPEN 
OPEN- RllDHcgohi 








EEISUBINC VOLTAGE 

142.0 

142.0 












IHTEIDIGITATED 










VIA CHAINS 




FINGERS 


1010 

iOt 

400 

CAPACITOR 

CROSS-OVER 


1st HETAL 2id METAL 

SHORTS 

e 

0 

1 

0 

1 


1 2 

OPENS 

ALL 

ALL 

ALL 

<ND> 

4NO) 


(NO) (NO) 


TlSVAl INSPECTION 


lEFOlE ANKEAUKG 


AFTER ANNEAIINC 


CtOSStT OVER nCHED VIAS, COOD STEP ^BVBSLINC IK THE CENTER DIE, SOHE 

40VERACE, SOME SIGNS OF liniNC .SICKS OF LIFTIHC 

Table 21. Summary of measured data and visual inspection for 
wafer 7-15 . 
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ORIGirv'Al. PAGE IS 
OF POOR QUALITY 


WAFER KUKBER 7-14 
XAFRCITANCE UOOKHZ) Z9.SM 

1st KETAKCO) RESISTANCE tZtiohis 

lElXACE CURREKT<pi) 


DIELECTRIC TTFE PIQ 4 VHDOFED FLA5KA HIDE 
DIELECTRIC THICKNESS JOlBieions 
Zad KETAUCO) RESISTANCE ZAZobss 
RREIKDOVK VOLTAGE 


VIA CHAINS 

1010 too 400 CAPACITOR 



25 'C 

FINAL « 

25 <C 

200 'C 

FINAL t 

CAPACITOR 

100 

17. Z 

500 

400 

210 

CROSS-OVER 

— 

ilD 

— 

— 

270 

1ft METAKIF) 

255 

3ZS 

K7A 

K/A 

K/A 

2nd METAL(IF) 

— 

too 

N/A 

N/A 

N/A 

MEASURING VOLTAGE 

200 

214.4 





CROSS-OVER 


*- FINAL TEHFERATURE FOR 
FOUIKIDE IS 400 ’C 
OTHERS 500 'C 
(CO)- CROSS-OVER 
(IF)- IHTERDICITATED 
FINGERS 

(NO)- KORNALLT OFEX 
OPEN- E)10Kegobi 

INTERDICITATED 

FINGERS 

1st METAL 2nd METAL 


SHORTS 

0 

0 

0 

2 

0 

1 

5 

OPENS 

ALL 

ALL 

ALL 

(NO) 

(NO) 

(NO) 

(NO) 


BEFORE ANNEALING 


VISUAL INSPECTION 


■AFTER ANNEALING 



SLICHTIY ROUNDED VIAS, IIFT-OFF IN METAL LIFTING EVERYWHERE, LOOKS BAD 


40XE AREAS, ENTIRE TOP LAYER OF METAL OF THE 
tEKHR DIE 


Table 22. Summary of measured data and visual inspeetion for wafer 7-14. 
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OR'Q'ii’J-AL PAGE 53 

OF POO?^ quality, 


WAFER NUMBER 

3-25 


CAPACITANCE 

(lODKHZ) 

ilft 

lil KnAL(CD) RESISTANCE 

1272Dbis 


LEAKAGE CVRREKT(pi) 


25 'C 

FINAL * 


DIEUCTSIC TTFE DOPED PLASMA OlIDE <LFE) 
OIEIECTRIC THICKNESS laUFoas 

2&d KETAUCO) RESISTANCE 330ebai 
BREBREAKDOWN VOLTAGE 
li 'C IDS 'C FINAL < 


CAPACITOR 

11.1 

3.4 

SCO 

210 355 

*- FINAL TEHPEEATUEE FOR 







- POIYIKIDE IS 400 'C 

CROSS-OVER 

— 

200 

— 

440 410 

OTHERS SOI'C 

— 





- (CO)- CROSS-OVER 

1st KETALUr) 

150 

110 

N/A 

K/A N/A 

(IF)- INTERDICITATED 






. rTKr.vvc 




* 



2nd KETAL(IF) 

270 

310 

H/A 

N/A N/A 

(NO)- KDRKALLI OPEN 






_ npru. fiiVIAMAPiAlim 







MEASURING VOLTAGE 

2H.4 

2U.4 




1 

1 

1 

1 

• 

1 

1 

! 

1 

1 

1 

1 

V 

1 

I 

1 

1 





INTERDICITATED 


VIA CHAINS 



FINGERS 

1010 

too 

400 

CAPACITOR 

CROSS-OVER 

1st METAL 2nd METAL 


JKOBTS t I 0 37 S3 1 1 


DFENS 1 1 1 (NO) (HO) (NO) (NO) 


VISUAL INSPECTION 

' -BEFORE ANNEALING AFTER ANNEALIKC 


^LICKTLT OVER ETCHED VIAS, POOR STEF BUBBLING IN CENTER DIE AND TOP PLATE 

XOVERACE. POSSIBLE BREAKS IN CAPACITOR AND OF CAPACITOR, BREAKDOWNS OCCURED AT STEFS 

XlOSS-OVEl 


Table 23. Summary of measured data and visual inspeetion for wafer 3-25 










CF 


: , ^ .' AGf: is 
FGOiJ QUALITY 



Figure 37. Wafer 3-25. lym doped plasma enhanced Si02 ffrom 

LFE) . Notice bubbles in second level metal of big 
capacitoi . 



^ Fieure 38. On a few of the doped plasma enhanced Si02 obtained 

^ from Pacific Western, particulate count was large. These 

particles could be removed by the scrubber, however, this 
left voids in the oxide rendering shorts between metal 

layers. 
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1 







Wafer 3-9. 1pm undoped plasma enhanced *^102 . Notice 
over^etching of via's and residue left in the pads. 


Wafer 3-9. Notice the poor step-coverage at the 
cross-overs (very narrow metal). 







POOR QUA'-'T'' 








V 




origin 

r.f- POOR 


quality 



Figure 43. Via's of wafer 3-11, dielectric consisting of undoped plasma 
deposited Si02. Notice large via over-etch In processing 
these wafers. Magnification is 3300X. 



Figure 44. Cross-over of wafer 3-11. Notice excellent step coverage 
attainable with this dielectric. Magnification is 6050X. 
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?k'2 . til 

rp P*')OP 



Figure 45. Via's of wafer 3-12, dielectric consist of phosphorous 

doped plasma deposited Si02. Not ice over-etch of dielectric. 
Magnification is ^400X. (Processed by P.W. Corp . ) 



Figure 46. Magnification of above SEM micrograph illustrating dielec- 
tric and metal step-coverage. Magnification is 11,000X. 




V 


^-/P'G’NAl PAGE iS 
or POOP QUALITY 



Figure hi. Cross-over of wafer 3-12. Magnification is 6600X. 



Figure 48. Cross-section of edge of big capacitor illustrating 

step coverage property of dielectric for wafer 3-12. 
Magnification is 11,000X. 
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(< 



11* T 



Figure 49. Via's of wafer 5-25, dielectric consist of approxi- 

mately one micron undoped plasma deposited Si 02 . 
Magnification is 4400X. 





Figure 50. 


Cross-section of a via on wafer 5-25. 
misalignment of metal. Magnification 


Notice slight 
is 5500X. 


i 
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Cross-overs for wafer 5-25 
6600X. 


Cross-section of big capacitor for wafer 5-25 showing 
top layer Al/Si, plasma deposited Si02 (dark), 
bottom layer Al/Sand thermal oxide layer. Magni- 
fication is 8800X. 




ORIGINAL’ PAGE 

BLACK AND WHITE PHOTOGRAPH 





Figure 53. Via's of wafer 3-1, dielectric consist of polyimide 
PIO-13 (top) and 0.25 p phosphorous doped plasma 
deposited Si02 (bottom). Magnification is 3300X. 



i 

I Figure 5A. Cross-over of wafer 3-1. Notice planarization 

affect of polyimide. Magnification is 6600X. 


) 
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OR565NAL PAGE SS 
CF POOR QUALITY 


VAIEl KUHBEB S-M 
CAFACITAMCE (lODKHZ) HIk pf 

1st METAKCO) BESISTANCE KVA pbrns 

ttAKACE CURBEKr(pa) 


OIELECTBIC TTPE UKDOFED 5FDTTEBED QUARTZ 
SIEIECTBIC THICKHES5 .SUaicFoni 
Zsd HHAUCO) SESISTAHCE N/A obis 
SBEAEDQVN VOITACI 



25 'C 

FINAL 

t 

AS >C 

200 'C 

FINAL * 

CAPACITOR 

— 

— 


— 

— 

— 

EROSS'OVEB 

— 

— 


— 

— 

— 

1st KETALdF) 

IF 5 

7350 


N(A 

N/A 

N/A 

2nd METAL (IF) 

MS 

U300 


N/A 

N/A 

N/A 

HEISUBIKC VOLTAGE 

K2.I 

142.0 





io«o 

VIA CHAINS 
AOS 400 

CAPACITOR 


CROSS-OVER 


SHORTS Q 

0 

1 

ALL 


ALL 


OPENS S 

1 

0 

(NO) 


(NO) 



t' FIKAl TEMPERATURE FDR 
FOLYIKiDE IS iOl’C 
OTKERS SOO'G 
(CD>- CBOSS-OVEB 
nf). IKTERDICITATEO 
FIHGERS 

(NO)' NORMALIY OPEN 
OPEN- SnDHegoht 

IHTERDICITATED 

FINGERS 

1st METAL 2nd METAL 


<KO) 


(NO) 


TISUAL INSPECTION 


JEFOBE ANNEALING 


AFTEB ANNEALINC 


VI AS OVEB ETCHES, PORTIONS OF THE COBNEBS NO APPARENT EFFECTS FROM THE ANNEALING 

OF THE UPACITOB SEEM TO BE KISSING, VERY FOOB STEP STILL SAGES LOOKING 

COYERACE, APPEARS TO HAVE RESIDUE ON TOP OF FIRST 
lETAL, UL CAPACITORS AND CBOSS-OVERS SHORTED 

Table 24. Summary of measured data and visual inspection for wafer 5rl4. 


OR!GK’ 
OF PO 



Figure 55. Wafer 5-14. The i 
thick RF sputtere. 


-7 







VAfCE KVKBCa 5-1 i 
UPACITANCE (100KK2) 14pf 
1st KETALtCO) RESISTAKCE UltohHi 

tEAXACE CDHEEimpl) 
IS 'C FINAL * 


KIEIECTEIC TYPE VNDOPED SPffnERED QUARTZ ♦ PIQ 
DIEIECTSIC THICKNESS llicitns 

lad KETAUCO) KESISTAKCE llOohas 
BSEAEDOVN VOLTAGE 
15 'C 200 ‘C FINAL * 


CAPACITOR 

3.1 

2.1 

lio 

330 

210 

CROSS-OVER 

55 

145 

330 

310 

3SS 

1st METAL (IF) 

110 

Its 

N/A 

N/A 

N/A 

Ind METAL (ID 

10 

140 

N/A 

N/A 

N/A 

MEASURING. VOLTAGE 

71.4 

71.4 





VIA CHAINS 





1010 

toi 

400 

CAPACITOR 

CROSS-OVER 


SHORTS 1 

1 

1 

1 

1 


OPENS 1 

0 

1 

(NO) 

(NO) 



t- FINAL TEKFE&ATURE FOR 
pomniDE IS 401' c 
0THEU5 500 'C 
(CO>- CROSS-OVER 
(ID- IKTERDIGITATED 
FINGERS 

(NO)- NORMALLY OPEN 
OPEN- RIlOHegohi 


IKTEROICITATED 

FINGERS 

1st KETAL lad METAL 


0 1 

(NO) (NO) 


JEFDRE ANNEALING 


VISUAL INSPECTION 


AFTER ANNEALING 


^000 VIA SEFINIYI(»I, NO SIGN OF JOBBLINC IN THE CENTER DIE, NO SIGN 

IIHINC OF IIFTINC 

Table 25 . Summary of measured data and visual inspection for 
wafer 5-21. 


AVERAGE VIA RESISTANCE (mSJ/via) 



ORIGINAL PAG^ 53 
OF POOR QUALITY 



0 12 3 4 5 6 7 8 9 10 11 


WAFER POSITION 



0 100 200 300 400 500 

ANNEAL TEMPERATURE 


Figure 56. Wafer 5-21. The dieleetric consist of 0.11 microns 
of RF sputtered quartz (bottom) plus 0.9 microns of 
Hitachi PIQ-13 polyimide (top) . 


ORIGINAI. PftSE B 
OF POOR QU#^V.lT Y 


vires KimiES 1-3 

tlUCITlNCe <iSfiKKZ) 37.125(f 
1st KETIKCO) SeSISTANCE ISttohis 


lElClCE CiniSENTlpi) 

15 'C riKll * 


BIEtECTRIC TYPE PIQ ♦ UNBOPED SPUTTERED OUAETI 
DIELECTRIC TKICKKESS .7ilcrens 

Ind KniL(CC) RESISTANCE 3)9obms 
BEEIKSOUN VOLTAGE 
IS 'C ISO >C FINAL • 


CAPACITOR ie.7 7.S 230 IID 130 «- FINAL TEKPERATUIE FOE 

POLYIKIDE IS 400 ‘C 

CROSS-OVER 24D H5 135 IQO 135 OTHERS SOI’C 

(CO). CROSS-OVER 


1st <mL(IF) 35 (0 K/A N/A K/A 


lid KnilUfl 70 120 NIA N/A N/A 


KEASTOING VOLTAGE 71.4 71.4 


VIA CHAINS 

1010 dOl 400 CAPACITOR CROSS-OVER 


(IF)- IKTERDIGITATEI! 


FINGERS 

(NO)- NOENALLY OPEN 
OPEN- RMOKegolm 


IKTEIDICITATED 

FIKCIRS 

1st KETAL Zsd KETAL 


tK(STS 0 0 0 3 1 0 2 


■OPOIS 1 0 0 (NO) (NO) (NO) (NO) 


VISUAL INSPECTION 

-BEFORE ANNEALING AFTER ANNEALINC 


TKTllE PORTIONS OF QUARTZ KISSING, 'BUESL.INC IN THE CENTER DIE, NO SICK 

40KE QUASn KISSIHC EETVEEH THE CAPACITOR OF IiniNG 

fUTES, GOOD STEP COVERAGE DUE TO THE PIQ 

Table 26. Summary of measured data and visual inspection for wafer 8-3, 
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AVEMGE VIA RESISTANCE (tnfl/via) 


ORIGINAL PAGE !3 
OF POOR QUALITY 



0 23A56789 10 ] 

WAFER POSITION 



0 100 200 300 400 ‘ 500 

anneal temperature (“G) 


Figure 57. Wafer 8-3. The dielectric consist of 0.6 microns of 

Hitachi FTQ-13 Cbottom) plus 0.11 microns of RF 
sputtered quartz (top) ., 



black 


,K AWD’wHaF.'l^O^OGRAPH 



i_z The quartz is 
tal only in the center 


0.5pm sputtered quar 
,f the first level me 
are bare. 


ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 



?'igure 60. Vla's of wafer 5-15, dielectric consist of sputtered 
quartz. Magnification is 3300X. 



Figure 61. 


Cioss-over of wafer 5-15. Notice "mouse-holes" at steps. 
Magnification is 6600X. 




CP1C1''!AL' PACP 




o ^ ^ l_l 



Figure 62. 


Perpendicular view of cross-overs of 
illustrating step-coverage problems, 
is 6600X. 


wafer 5-15 
Magnification 



Figure 63. Cross-section of big capacitor for wafer 5-15 showing 
thickness of top layer Al/Si, quartz dielectric, and 
bottom layer Al/Si. Magnification is 8800X. 
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crig:\’al page 

BLACK AND WHITE PHOTOGRAPH 


Figure 64. of wafer 5-20, dielectric consist of 0.11 v quartz 

(bottom) and approximately 1 p polyimide PIO-13 (top). 
Magnification is 5500X. 



3 


Figure 65. Cross-over of wafer 5-20. Notice planarization of 
dielectric. Magnification is 5500X. 
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Ci 




omQlHAU PA-GE B 
OF POOR QUALITY 


Vtm NUMBER S-3 
CAEiCITMCE U«l)m> 17.12S;( 
lit KETAKCO) RESISTANCE 1721obBf 
lElKACE CURREKTIpi) 


OIEIECTRIC nPE PLASMA NITRIDE 

DIElEaRlC THICEKESS liicKSi 

2s< KnAL(CO) RESISTANCE 473eb>f 
BREAKDOWN VOLTAGE 



J5 ‘C 

FINAL 

t 

25 'C 

200 >C 

FINAL 

t 

CAPACITOR 

7 

12.2 


520 

510 

450 

*- FINAL TEMPERATURE POl 





— 

— 


- POLYIMIOE IS 400 'C 

CROSS-OVER 

3400 

1700 


400 

440 

345 

oriERS 5 ore 

















lit KETALtm 

435 

100 


N/A 

KIK 

N/A 

<IF>- IHTERDICITATEO 








rTtf^VfiC 









li4 HETAL(IF) 

540 

315 


N/A 

N/A 

N/A 

(NO)- NOIMALLT OPEX 








nDrU 









KEASURINC VOLTAGE 

142.0 

142.1 






— 







IKTCROIGITATED 


VIA CHAINS 





FINGERS 

1010 

401 

400 

CAPACITOR 


CROSS-OVER 


lit METAL 2n4 METAL 

SHORTS « 

0 

0 

11 


20 


0 i 

OPENS 1 

1 

1 

4NO) 


<N0) 


(NO) (NO) 


riEUU INSPECTION 


BEFORE ANNEALING 


IFTER ANNEALING 


POOR SHAPED VI AS, SOKE UNDER ETCHED Iffl BUBBLING, BREAKDOWNS OCCURSED AT 

-iND 'SOHE OVER CTCHED, STEEP STEPS, RAGED STEPS 

lOOKINC 

Table 27. Summary of measured, data and visual inspection for 
wafer 5-3 . 
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origjNAL page m 
OF POOR QUAUry 



. 25"C 

X lOO^C 
+ 200"C 
A 300"C 
O 400°C 
500“C 


V 


Q 






ORIGINAL PAGE IS 
OF POOR QUALITY 


IfMEI NUMBER 5-U 
UmiTiKCE (tOORKZ) Elpf 

1st KETU (CO) RESISTANCE MTSohks 

lEAKACE CURlEKT(pi) 


DIELECTRIC TIFE FIASNA NITRIDE f FIQ 
DIELECTR I C THI cmss 1 . 0 Sei e t«n> 
led METAL (COl RESISTANCE HSoIies 
EREBREAEDOVN VOLTLCl 



15 'C 

FINAL * 

IS 'C 

200 <C 

FINAL * 

CAPACITOR 

34.3 

.5 

SFO 

AOO 

SIS 

CROSS-OVER 

440 

4SS 

SIS 

S4S 

400 

1st HETAKIF) 

130 

ISO 

NIA 

N/A 

HIk 

Ind METAL (IF) 

130 

345 

HI A 

N/A 

N/A 

lEASUEIKG VOLTAGE 

114.4 

114.4 





VIA CHUNS 

loto iOl 400 CAFiCITOR 


CROSS-OVER 


FDITIKIOE IS 400' C 
OTHERS SOO'C 
(CO)- CROSS-OVER 
(in- IKTEflOICITATED 
FINGERS 

(NO)- NORMALLY OFEN 
OPEN- R)10Kege)ii 

IKfERDIGlTATEO 

FlHCtRS 

1st METAL led METAL 


SHORTS 

0 0 0 

1 0 

0 

I 

OPENS 

0 0 0 

(NO) (NO) 

(NO) 

(NO) 


BEFORE ANNEAL IHG 

VISUAL INSFECTKM 

AHER ANNEALING 



mSIBLE DIFEBENCE IK THE ETCUINC OF BUBBLING IN THE CEim'R DIE, SOME- 

THE TVO LAYERS, GOOD STEF COVERAGE -BREAKDOUNS OCCURRED BETWEEN THE PADS, SOME 

BICKS OF LIFTING ABOUND THE EDGES OF THE WAFER 


Table 28. Summary of measured data and visual inspection 
for wafer 5-12. 







Of?iG/NAL PAGE IS 
OF POOR OoS? 


VUU KUnSER O'lD 
CAEACIT&NCE (lOOSHZI 3!.iZSp( 
1st KETAUCO) RESISTANCE tniohas 
XCmCE CtmREKT(pa) 


EEASVRIKC mTACE 142. B 142.B 


DIELECTRIC TYPE PIQ « PLASMA NITRIDE 
DIELECTRIC THICKNESS .?liierons 

2nd KETAUCO) RESISTANCE SeSohis 

BSEAEDOVN VOLTAGE 



25 *C 

FINAL > 

25 ‘C 

200 ‘C 

FINAL • 


CAPACITOR 

10.3 

.6 

410 

405 

400 

»- FINAL TEMPERATURE 

— 

— 





POIYIHIDE IS 400'C 

GROSS-OVER 

m 

240 

310 

230 

270 

OTHERS SOt’C 
(CO)- CROSS-OVER 







1st MCTALUn 

60 

135 

N/A 

N(A 

H/A 

(IF)- IKTERDICITATEB 
FINGERS 







2b4 KETAL(IF) 

ISO 

220 

N/A 

N/A 

N/A 

(HO)- NORMALLY OPER 


VIA CHAINS 

lots BOII 400 CAPACITOR 


OPEN- RHOMeqiiha 


IKTERDICITATED 

PINCERS 

CROSS-OVER 1st METAL 2sd METAL 


SHORTS 


OPENS 


BEFORE ANNEAL INC 


(NO) 


(NO) 


VISUAL INSPECTION 


(NO) 


(NO) 


AFTER ANNEALING 


EECELLENT VIA DEFINITION, GOOD STEP 
COVERAGE, .KO SIGN OF LiniNC 


NO SVSSLINC, NO SIGH OF LIFTING, 
LOOK VERY GOOD 


Table 29. Summary of measured data and visual inspection for wafer 8-10. 
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AVER.\C,E VTA RESISTANCE (nifi/vla) 


ORIGINAL PAGE IS 
OF POOR QUALITY 



K 100°C 
+ 200°C 
A 300”C 
O ^00”C 


WAFER POSITION 



ANNEAL TEMPERATURE (®C) 


Figure 68. Wafer 8-10. The dielectric consist of 0,45 microns 
Hitachi PIQ-13 (bottom) plus 0,25 microns plasma 
enhanced nitride (top). 


crig;nal page 

BLACK AMD WHITE PHOTOGRAPH 



Figure 69. Cross-section of via for wafer 5-2, dielectric consist of 
plasma deposited silicon nitride. Magnification is 5500X. 



Figure 70. section of wafer 5-2 illustrating incomplete removal 

of photoresist layer. Magnification is 1650X. 
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ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 



Figure 71. Cross-over of wafer 5-2 illustrating step-coverage 
dielectric. Magnification is 5500X. 



Figure 72. Magnification of a first layer metal interconnect 
covered with dielectric for wafer 5-2. Notice the 
excellent step-coverage and slight 'cusping' of 
dielectric. Magnification is 11,000X. 




CRIGINAL PAGE 

BLACK A.\D WHITE PHOTOGRAPH 



Figure 73. Via of wafer 7-19, dielectric consist of approximately 
0.75 p polyimide PI-2555 (bottom) and 0.25 p plasma 
deposited silicon nitride (top). Magnification is 4400X. 



Figure 74. Cross-over of wafer 7-19. Magnification is 6600X. 
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ORiGiNAL PAGE 5S 
OF POOR QUALITY 


VAfEC N9HiER 9-U 
CmCITAKCE U09KH2) 22pf 

1st KEm(CO) BESISTAKCE ZlSOshms 

lEARACE CURBEKT(pt) 


81UECTRIC TYPE 2555 

DIElECTlllC THICKKESS 
ini KETAUCO) RESISTANCE 
BSEASDOUN VOLTAGE 



25 'C 

FINAL « 

25 ‘C 

200 'C 

FINAL « 

CAPACITOR 

iO.7 

.2 

575 

420 

310 

CROSS-OVER 

170 

2SS 

270 

350 

350 

1st KETAIUF) 

75 

US 

N/A 

N/A 

N/A 

And METAL (in 

155 

249 

HIk 

N/A 

N/A 


•iaicions 

253ohi9. 


«- FINAL TEHPERATURE FOR 
POLYIKIDE IS 4««'C 
OTHERS 500 'C 
<CO)- CROSS-OVER 
(IF>- IHTEHDICITATED 
FINGERS 

<NO)- NOSHALLY OPEN 
OPEN- R)IOHeoohi 


HEASURIKC VOLTAGE H2J i42.A 


IKTEIDICITATED 

VIA CHAIMS FINGERS 

loss 405 500 CAPACITOR CROSS-OVER 1st HETAL 2nd HLTAL 


SHORTS 

0 9 0 

6 

0 

0 

1 

OPENS 

0 0 0 

(KOI 

(NO) 

(NO) 

(NO) 


3EFOBE ANNEALING 

VISUAL 

INSPECTION 

AHEB ANNEALING 


CECELLEKT VIA DEFINITION, NO SIGNS 
tf XIFTING 

BUBBLING IN THE CENTER DIE, NO SIGNS 
DF LIFTING 


Table 30. Summary of measured data and visual inspection 
for wafer 9-16. 
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AVER,\GE VTA RESISTANCE (roJT/via) 



5 6 

WAFER POSITION 








OH5G5NAL PAGE IS 
OF POOR QUALlTl 


VAfER NUMBER 

V-I} 



DIELECTRIC TYPE 

FIQ 


CAPACITANCE UOOKHZ) 

EO.Spf 


DIELECTRIC THICKNESS 

. D9iier()!i9 

1st METAKCOI RESISTANCE 

lt67obas 


lad METAL(CO) RESISTANCE 

SDSobis 


LEAKAGE CURSENTtpa) 


BREAKDOWN VOLTAGE 



!5 'C 

FINAL • 


23 'C 

200 'C 

FINAL • 


CAFACITOH 

3.1 

6.7 


260 

263 

200 

<- FINAL TEMPERATURE FOR 








POLYIKIDE IS 600‘C 

CROSS-OVER 

SS 

US 


290 

275 

190 

OTHERS 300 ‘C 
(CO)- CROSS-OVER 
(IF)- IHTERDIGITATED 

1st METALUF) 

33 

90 


N/A 

N/A 

N/A 

FINGERS 








Snd METALUF) 

63 

133 


N/A 

N/A 

N/A 

(NO)- NORMALLY OPEN 








OPEN- RHOHagoha 

IEA5UBIHG VOLTAGE 

71.6 

71.6 





INTERDICITATED 

FINGERS 


VIA CHAINS 






loss 

60Q 

. 68'D 

CAPACITOR 

CROSS-OVER 


1st METAL 2nd METAL 

SHISTS 0 

i 

1 

I 


0 


0 1 

OPENS 1 

1 

1 

(HO) 


(NO) 


(NO) (HO) 


VISVIL IKSPECTION 

JCFOilE ANNEiLINC AFTEE AKNEAI.INC 


eOOD VU DEriNITIOH, 600D ADREB&NCE, BUBBUNC IH THE CENTER DIE, NO SIGH 

(ODD STEP COVERAGE Of RIFTING 

Table 31. Summary of measured data and visual inspection for 
wafer 9-25. 
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AVERAGE VIA RESISTANCE (mfi/vla) 






ORIGINAL PAGE !S 

OF POOR QUALITY 


WAFER NUHSER ft-iS 
CAFACITtKCE UOOKHZ) iSpi 

1st HETAL(CO) RESISTANCE 1330obas 

lEAKACC CUEaEHT<pt> 


OIEEECTRIC TYPE 2555 

SIEIECTBIC THICKNESS 
2nd METAUCO) RESISTANCE 
BREAKDOWN VOLTAGE 


liietons 

ZAAobas 



25 ‘C 

FINAL * 

25 *C 

200 'C 

FINAL » 

CAPACITOR 

.05 

.2 

620 

SSS 


CROSS-OVER 

410 

560 

635 

510 

515 

1st KETALdF) 

330 

315 

K/A 

N/A 

K/A 

2nd KETALdF) 

410 

500 

HfA 

H/A 

N/A 

REASURINC VOLTAGE 

200 

214.4 





VIA CHAINS 




ISRD 

AOO 

400 

CAPACITOR 

CROSS-OVER 


«- FINAL TEHPERATURE FOR 
POLYIHIDE IS 40P'C 
OTHERS 50«*C 
<CO)- CROSS-OVER 
(IFt- IHTEROICITATED 
FINGERS 

(NO)- KORNALLT OP EH 
OPEN- RMOHegoha 

INTERDICITATED 

FINGERS 

1st KETAL 2nd RETAL 


SHORTS 

0 0 

0 

0 1 

1 

I 

OPENS 

0 12 

13 

(NO) (NO) 

(NO) 

(NO) 


BEFORE ANNEALING 


VISUAL INSPECTION ' 

AFTER ANNEALING 



SLIGHTLY BOUNDED VIAS. GOOD SLOPE ON 
-:SIDEVAL15 OF VIAS, GOOD STEP COVERAGE, NO 
lIGN OF 2nd KETAL LIFT-OFF 


SOME BREAKDOWNS OCCURED BETWEEN PADS, 
TUSSLING IN CENna DIE, NO SIGNS OF Lin-OFF 


Table 32. Summary of measured data and visual inspection for 
wafer 8-18. 
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AVER,\GE RESISTANCE (m Six 10 /via) 



, ANNEAL TEMPERATURE ("C) 

i 

‘ Figure 77. Wafer 8-18. The dielectric consist of 1.5 microns thick 

Dupont polyimide PI-2555. 



ORiGlKAL PAGE IS 
OF POOR QUALITY 


VAfll NVH6ER 0-20 
CAPACITANCE (lODKHZ) 22pC 
1st HETAKCO) 6E51STANCE tSASohis 

AEAUCE CURSENT(pa) 


DIEIECTAIC TYPE 2515 

DIELECTBIC THIcmSS l.laieiDns 

2>d HETAKCO) RESISTANCE StOobas 

BSEAKOOVN VOLTAGE 



25 'C 

FINAL 

t 

25 *C 

200 ‘C 

FINAL 

1 

CAPACITOR 

S2.1 

1 


329 

310 

320 

a- FINAL TEKPERATURE FOI 




— 





- P0L7IHIDE IS 400'C 

CROSS-OPER 

245 

2V0 


109 

310 

310 

OTHERS 509 'C 








— «rn^. ronc;^-m;p;i 

1st HETAUIF) 

115 

no 


N/A 

N/A 

N/A 

Ur>- INTERDICITATED 








rrurm^ 









Ind KETAL(IF) 

215 

235 


N/A 

N/A 

N/A 

(NO)- NORHALL? OPEN 








.. nPni. BMflKafrnll* 









SEASURING VOLTAGE 

142.0 

142.0 













INTESDIGITATE!) 


VIA ChAIHS 





FINGERS 

1080 

AGO 

400. 

CAPACITOR 


CROSS-OVER 


1st HETAl 2nd HETAl 

SHORTS 0 

0 

0 

« 


0 


1 2 

OPENS 2 

1 

4 

(NO) 


(NO) 


(NO) (NO) 


VISUAL INSPECTION 


'9EF0BE ANNEALING 


AFTEB ANNEALING 


XDOD VIA DEFINITION, GOOD STEP ffiO BDSBIING, HO SIGN OF LIFTING 

COVIEACE 

Table 33. Summary of measured data and visual inspection for wafer 8-20. 
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AVERAGE VIA RESISTANCE (mn/via) 









OF POOR QOAUTj 


VAFES NOnSER 

0-ai 



OlllECTRIC TYPE 

PIQ 


CAPACITANCE 

(ISOKHZ) 

33p( 


DIELECTRIC THICKNESS 

1 .475iien>DS 

1st NATAL (CO) RESISTANCE 

971 obis 


2nd KETAKCO) RES»?T 

ArtCE 

285pbis 


LEAKAGE CVSBEKT(pa) 


BREAKDOWN VOLTAGE 



15 'C 

FINAL • 


25 'C 

200 *C 

FINAL > 


CAPACITOR 

7.1 

.05 


405 

475 

470 

«- FINAL TENPERATURE fO 









POLTIHIDE IS 40e*C 

CROSS-OVER 

133 

275 


480 

480 

470 

OTHERS 500' C 
(CD)- CROSS-OVER 








1st HETAUIF) 

73 

155 


N/A 

N/A 

N/A 

(IF)- IMTERDIGITATED 
FINGERS 








Ind HETAUIF) 

130 

230 


N/A 

N/A 

N/A 

(NO)- N0RM/.UV OPEN 
OPEN- R)10Kegohi 








IEA5UBINC VOLTAGE 

H2.S 

102. S 





INTESDIGITATEO 









VIA CHAINS 





FINGERS 

lOOO 

600 

000 ! 

CAPACITOR 

CROSS-OVER 


1st KETAL End METAL 

SHORTS 0 

0 

0 

0 


0 


0 1 

SPINS 1 

0 

0 

(NO) 


(NO) 


(NO) (NO) 


VISUAl INSPECTION 


3EE0BE ANNEALINC 


iETEB AKKEALINC 


eOOD VIA OEflNlTIDK, GOOD STEP 


S0VE5ACE 


BU6BUNC IN THE CENTER DIE, NO SICK 
OF LIFTING 


Table 34. Sumirdry of measured data and visual inspection for wafer 8-22 






ORlGsT'iAL ^ 

OF POOR QUAUTY 


WIFEfi mm££R S-Z4 
CAPACITMICE (lOSKHZ) lS.7Spf 
1st HET&UCO) RESISTANCE lOOAohis 
LEAK ACE CURREKT<ps) 


DIELECTRIC TYPE ESSS 

DIELECTRIC THICKNESS 
Eni! HETAUCO RESISTANCE 
SREAXDOVN VOLTAGE 



2S 'C 

FINAL 

t 

25 -C 

200 'C 

FINAL t 

CAPACITOR 

.05 

.4 


465 

555 

345 

CROSS-OVER 

330 

500 


530 

450 

540 

1st METAL(IF) 

253 

285 


N/A 

N/A 

N/A 

2od NETAKIF) 

410 

435 


N/A 

N/A 

N/A 

MEASURING VOLTAGE 

200 

214.4 





1000 

VIA CHAIKS 
400 400 

CAPACITOR 


CROSS-OVER 


SHORTS 0 

0 

0 

1 


1 


OPENS 7 

2 

1 

(NO) 


(NO) 



1 JISBieions 
EHohms 


«. I INAL TEMPERATURE FOR 
POLYINIDE IS 40«'C 
OTHERS S Ot ' C 
(CO)- CROSS-OVER 
(in- INTERDICITATED 
FINGERS 

(NO)- NORMALLY OPEH 
OPEN- RIlOKegoltii 


IHTERDICITATEQ 

FINGERS 

1st METAL End METAL 


1 2 


(HO) (NO) 


JEFORE AHNEALINC 


VISUAL INSPECTION 


AFTER ANNEALING 


eOOD VIA DEFINITION, SMOOTH STEPS 
SOKE SIGNS or End METAL LIFTING 


BUBBLING IN CENTER DIE, TOP PLATE OF 
CAPACITOR HAS BUBBLING, DEFINITE 2nd METAL 
LIFTING 


Table 35. Sunnnary of measured data and visual inspection for 
wafer 8-24. 
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average via resistance (mJI/vla) 







ORiGlivJAL PAGE IS 

OF POOR QUALITY 


4ihm NUMBEH (1-23 
e&PiCITANCE UDOKME) tfl.37Sp( 
tst Kim (CO) BESI5TANCE 964ehis 
EEAEACE CVRBEIfrcpa) 


QIELECTBie TYPE 2S4S 

DIEIECTBIC THICKNESS l.SSaicions 
ini HETAKCO) SESISTANCE 304obiis 
BBEAKDDVK VOITACI 



25 'C 

FINAL s 

25 'C 

200 'C 

FINAL » 

CAPACITOB 

14.4 

-P 

4B0 

420 

400 

CROSS-OVER 

200 

255 

400 

390 

230 

1st HETAL(IF) 

120 

145 

H/A 

N/A 

N/A 

ind HETAL(IF) 

210 

210 

Htk 

N/A 

N/A 


IEA5UBIHC VOLTAGE M2J 142-8 
VIA CHAINS 

i080 8 m 400 CAPACITOR 


CROSS-OVER 


POLViniDE 15 400'C 
OTHERS SflO'C 
(CO)- CROSS-OVER 
(If)- INTERDICITATED 
FINGERS 

(NO)- KOHKALLY OPEN 
OPEN- R)10Kep«lia 

IKTEBDIGITATED 

FINGERS 

tst HETAL 2nd KETAL 


SHORTS 0 0 0 

0 

0 

0 

2 

OPENS 4 2 2 

(NO) 

(NO) 

(NO) 

(NO) 

BEFORE ANNEALING 

VISUAL 

INSPECTION 

AFTEa ANNEALING 


VI AS NOT WELL DEFINED, APPEARS TO 
R TRICK LAVER, GOOD STEP COVERAGE 

BE 

NO BUEBLIC. LOOKS GOOD 


Table 36 . Summary of measured 

data 

and visual 

inspection for 



wafer 8-25. 
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ORIGINAL 
OF POOR QUALITY 


DIELECTRIC TYPE PIQ 

DIELECTRIC TRICKNESS IJ7Siietons 

2nd KETAUCO) RESISTANCE 261oh«s 
BREAKDOWN VOLTACI 
2S 'C 200 'C FINAL • 


CAPACITOR 


t.i 

,1 


430 

S9C 

480 

•- FIKAL TSHPERATURE FOR 

__ PftlVIMTTlP T? iflfl' r 

CROSS-OVER 


190 

2S5 


440 

455 

540 

OTHERS SOO^C 

trn\^ roncc-AVPii 

1st HCTALClFt 


13S 

170 


N/A 

N/A 

N/A 

(IF)- IHTERDICITATED 
-- piwrpo? 

2nd METAL (IF) 


225 

2i0 


N/A 

N/A 

N/A 

(KO)- KOmiLY OPEN 

EEASURINC VOLTAGE 

214J 214.4 





iwTPftntr.TTiTPn 


IDOQ 

VIA CRAINS 
400 

400 

CAPACITOR 


CROSS-OVER 


FINGERS 

1st METAL 2nd METAL 

SHORTS 

1 

0 

0 

0 


1 


0 3 

OPENS 

2 

0 

1 

(NO) 


(NO) 


(NO) (NO) 


SEFORE ANNEALING 


VISUAL 

INSPECTION 

AFTER ANNEALING 


fOOB SHAPED VIAS, GOOD SLOPED SIDE BDBBLIKC IK THE CENTER DIE, ALMOST 

NALLS, E2CELLEKT STEF COVERAGE, NO SIGNS OF ALL BREARDOUNS OCCURRED BETWEEN FADS 

IFFTIKG 


Table 37. Stimmary of measured data and visual inspection for 
wafer 8-13. 
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VAFEB NUMBER S-iO 
CAPACITANCE UflOKHZ) Hpt 

1st HETALICO) RESISTANCE UTSohMS 

LEAKAGE CURR£HT(pa) 
25 'C FINAL < 


W 


AVEMCE via resistance (mfi/vla) 




rn''G;'..",L PAGF 
•. fHOrOGRAPH 



i*ITi*iTi*I*»*i*i*l*ri*i*ri 


I I i n t I I I I 1. 1 I i 




Figure 83. Wafer 9-23. lym PIQ. Notice the excellent second 
level metal adhesion to the polyiraide. 





Figure 84. 


Wafer 9-16. 0.5 pm Dupont PI 2555. Notice both 

large and small via formation. 




1 
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ORIGINAL PAGE 
BLACK AND VvHiTE PHCFO 


RAPH 



Figure 85. Dupont PI 2555 approximately 1pm thick. Notice 

particulates for which polyimide would not cover or 
adhere to. Unknown if they were on the wafer initially 
or in the polyimide. Also, coupler VM651 was used. 



Figure 86. Dupont PI 2555. On a few wafers, light areas (yielding 
dark vlas) were observed in the polyimide Believe 
this is results of not filtering polyimide just prior 
to use. 
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ORIGINAL PAGG 

RU;CK AND PHOF-'ERAP.M 


Figure 87. Wafer 8-18. l^m PI 2555. Notice breakdown location 
in large capacitor. 




Figure 88. Wafer 8-18. Notice that occasionally, breakdown 
occurred between pads. 




107 


CRIGIN'AL P 

BLACK AND WHITE PHOTOGRAPH 



Figure 89. 


Wafer 9-25. Ipm 
of the capacitor expe 
locations as shovm. 


In this die, the breakdovm 
rienced multiple breakdown 
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Figure 90. Via of wafer 9-13, dielectric consist of thin layer 
('0.5y) polyimide PIO-13. Magnification is 6600X. 



Figure 91. Cross-section of big capacitor for wafer 9-13 illustrating 
top layer Al/Si, PIQ and bottom layer Al/Si. Top layer 
metal is lifted off the polyimide in preparing the SEM 
sample. Magnification is 8800X. 


a 
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ORIGINAL PAGZ 

BLACK AND V/HITE PHOTOGRAPH 



Figure 92. Via of wafer 8-21, dielectric consist of approximately 
0.8 p polyimide PTO-13. Magnification is 4400X. 



Figure 93. 


Cross-over of wafer 8-21. Magnification is 6600X. 




black 


C^iC'MAL PAGc 

v;hite photograph 



Figure 94. Cross-section of b^g capacitor for wafer ri-21 illustrating 
thickness of top and bottom layer metals and PIQ. 
Magnification is 8800X. 



Figure 95. Cross section of big capacitor for wafer 8-1 illustrating 
thickness of metal layers and polyimide. Magnification 
is 8000X. 
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IV. EVALUATION OF EXPERIMENTAL DATA AND RESULTS 


A. Breakdown Voltage and Leakage Currents 

Breakdown voltage data was taken for all wafers prior 
to any temperature anneal after the 200°C anneal cycle and after 
the final temperature anneal. All wafers were annealed at each 
temperature (100, 200, 300, 400 and 500°C) for 30 minutes in 
nitrogen. Wafers having polyimide on them either as the sole 
dielectric or as a composite were final annealed at 400°C 
(since the polyimide dissipation factor increases above this 
temperature) . A summary of these measured results for the 
no temperature and final temperature anneal cases are presented 
in Table 38. Also, a pictorial representation of the relative 
magnitudes are presented in Figures 96 through 99 for both 
cross-over and , capacitor patterns. 

Also summarized in Table 38 is the measured leakage 
current data taken with 142 volts applied to the capacitor, cross- 
over and first and second metal levels interdigitated finger 
patterns. It should be noted that leakage currents were taken 
at several applied voltages. The behavior of dielectric current 
as a function of applied voltage at an elevated temperature (100°C) 
is shown in Figure 100. Here, the linear I-V dependence is 
somewhat surprising since it is reported that many dielectrics 
behave linearly in a \ vs. ln(I) fashion. 
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OS^IGINAL PAGE lb 
OF POOR QUALITY 



O 

M W ^ 
Di t/i tf) 
H W C 
0^10 
X Vi 

»-i l:) o 

W M M 
M s: £ 
Q E-* 


BREAKDOra VOLTAGE 
(voles) 


MEASURED LEAKAGE CURRENT 
Applied Voltage = 142 volts 
(pico-amperes) 


T= 

25 ®C 

\wm 

C.O. 

590 

610 

335 

45' 

610 

585 

450 

550 

555 

585 

620 

660 

480 

400 

510 

490 

510 

460 

350 

520 

545 

465 

540 

545 

300 

520 

500 

450 

500 

510 

s.c. 

S.C. 

260 

330 

230 

135 

520 

400 

590 

525 

410 

310 

475 

290 

260 

290 

620 

635 

320 

300 

485 

480 

665 

550 

480 

400 

630 

640 


C,0. Il-I.F^2-I.F 


31.9 585 

66.2 810 
4.2 530 

i 1 T c n 


0.83 42 

6.4 230 

0.7 85 

0.33 123 

7.0 215 

3.5 310 

3.2 53 

26 210 

14.9 590 

3.9 105 

s . c . s . c . 

9.6 176 

92 768 

7.0 3400 

11.4 147 

70.3 740 

10.7 170 

10 176 

17.5 875 

52.1 245 

7.1 135 

0.8 115 

14.9 200 


400/500°C 


C.O. |l-I. 




0.5 

2.5 

8.0 


0.45 ! 

I 

0.12 j 
0.3 I 
0.15 ! 


9. 

1.8 

0.1 


u. 1 / 

O.i 

1.3 

2385 

4.]5 

0.9 


172 

97 

142 j 

82 

83 1 

47 

95 

57 



Table 38. Summary of breakdown voltages and leakage currents for capacitor (C) 
cross-over (C.O.) and both levels of interdigitated fingers (I.F.). 























WAFER TYPE 


ORIGINAL PAGE IS 
OF POOR QUALITY 





(1-7) D-Ox 


(9-2)D-Ox+PIQ 

(9-8)PIQ+D-Ox 

(2-22)U-LP-Ox 

(2-8)D-LP-Ox 

(2-15)D-LP-Ox+PIQ 

(2-2)U-LP-Ox+PIQ 

(7-2)PIQ+D-LP~Ox 

(7-13)PlQ+U-LP-Ox 

(3-23)D-PE-0x 

(3-9)U-PE-Ox 

(3-6)D-PE-Ox+PIQ 

(7-25)U-PE-Ox+PIQ 

(7-15)PIQ+D-PE-Ox 

(7-14)PIQ+U-PE-Ox 

(3-25)U-PE-Ox 



f 


NORMALIZED CROSS-OVER BREAKDOWN VOLTAGE (volts /micron) 

Figure 96. A plot of normalized breakdown voltages for cross-overs as a 

function of wafer type for three temperature anneal conditions: 
25°C-no anneal; 200°C-annealed for 30 minutes in nitrogen; Final T- 
annealed for 30 minutes at 400°C for polyimides, 500°C for all other 
dielectrics. _ii/. 


0RIG5NAL PAGE !S 
OF POOR QUALITY 


WAFER TYPE 


(5“14) ntz 

(5-21)0tz+Piq 

(8-3)PIQ+Qtz 

(5-3)PE-Nit 

(5-l2)PE-Nit+PIQ 

(8-10)PIQ+PE-Nit 
(9-16) 2555 
(9-25) PIQ 
(8-18) 2555 
(8-20) 2545 
(8-22) PIQ 
(8-24) 2555 ■ 
(8-25) 2545 
(8-13) PIQ 



Figure 97. A plot of normalized breakdown voltages for capacitors as a function 
of wafer type for three temperature anneal conditions: 25 °C - no 

anneal; 200°C-anneal for 30 minutes in nitrogen; Final T -anneal for 
30 minutes at 400®C for poiyimides, 500®C for all other dielectrics. 


WAFER TYPE 


ORIGINAL PAGE IS 
OF POOR QUALITY 





(5-14) Qtz 
(5-21)Otz+PIQ 
(8-3)PIQ+Qtz 
(5-3)PE-Nlt 
(5-12)PE-Nit+Piq 
(8-10)PIQ+PE-Nit 
(9-16) 2555 
(9-25) PIQ 
(8-18) 2555 
(8-20) 2545 
(8-22) PIQ 
(8-24) 2555 
(8-25) 2545 
(8-13) PIQ 



NORMALIZED CROSS-OVER BREAKDOWN VOLTAGE (volts /microns) 

Figure 98. A plot of normalized breakdown voltages for cross-overs as a function 
of wafer type for three temperature anneal conditions: 250‘’C-no 

anneal, 200°C-annealed for 30 minutes in nitrogen; Final T-annealed 
for 30 minutes at 400®C for polyimides, 500'’C for all other 
dielectrics. 


WAFER TYPE 


ORIGINAL PAGE !S 
OF POOR QUALITY 



(1-7) D-Ox 
(9-2) D-Ox + PIQ 
(9-8) PIQ + D-Ox 

(2-22) U-LP-Ox 

(2-8)D-LP-Ox 

(2-15)D-LP-Ox+PIO 

(2-2)U-LP-Ox+PIQ 

(7-2)PIQ+D-LP-Ox 

(7-13)PIQ+U-LP-Ox 

(3-23)D-PE-Ox 

(3-9)U-PE-Ox 

(3-6 )D-PE-0»fPIQ 

(7-25)U-PE-Ox+PIQ 

(7-15)PIQ+D-PE-Ox 

(7-14)PIQ+U4PE-0x 

(3-25)U-PE-Ox 



NORMALIZED CAPACITOR BREAKDOWN VOLTAGE (volts /micron) 


Figure 99. A plot of normalized breakdown voltages for capacitors as a function 

of wafer type for three temperature anneal conditions: ZS^C-no anneal; 
200°C-anneal for 30 minutes in nitrogen; Final T-anneal for 30 
minutes at 400“C for polyimides, 500°C for all other dielectrics. 


LEAKAGE CURRENT (pico-ampere) 


OR'iQSNAL PAGE IS 
OF POOR QUALITY 
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APPLIED VOLTAGE (Volts) 


Figure 100. Measured value of leakage current as a function of 
voltage at T = 100 C for several dielectric types. 
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OR'iGSNAL PAGH IS 
OF POOR QUALITY 


B, Dielectric Thicknesses 


Sample calculation of total dielectric thickness for two 
different dielectric coraposit wafers. 


1 


C'j’ 



where 


C 


e G A 
o r 


e = 8.854xl0~^^f/)j 
o 

A = 770,625yin^ 


thus 






QHli 





and assume 


TYPE 


atmospheric CVD oxide 4.2 

LPCVD oxide 5.2 

plasma enhanced oxide 4 . 7 

sputtered quartz 4.3 

plasma enhanced nitride 7.2 

polyimide 3 . 6 


Calculation of wafer 9-2, polyimide deposited over atmospheric CVD 
oxide. The oxide was measured accurately using the nanospec, however 
polyimide thickness not accurately known due to 


f : 





T?T“7 




t"< t' -planarizing effect 


measured 
oxide 2 


23.3 pf 
= 0.43 pm 


-119 


d 


1 



E A 
o 




(8.854xl0~^^f/u) (7.70625xl0^ym^ ) 
-12 

23.3x10 f 


0. 43uin 
4.2 


= 0.685ym 


Therefore = d^ +82 = 0.685 +0.43 = l.lym 

The dielectric thickness for most test samples was determined 
by a combination of nanospec, alpha step and capacitance measurement 
data. With the polyimide materials, the thickness of the dielectric 
over first level metal patterns was found to be 75-80 percent 
of the thickness over the substrate resulting from its planarizing 
quality. Hence a combination of SEM analysis and capacitance 
measurements rendered the best results for these dielectrics. 

A summary of dielectric thicknesses for the wafers tested 
is given in Table 39. Also in this table is the number of via 
open circuits and capacitor, cross-over and interdigitated finger 
short circuit. 
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C. A Figure of Merit for Dielectrics 


In order to compare the various types of dielectrics 
tested in order to find the optimum dielectric for double layer 
metal processes, a figure of merit had to be derived. This 
figure of merit should include the following dielectric 
characteristics : 

. high breakdown voltage for both capacitor and 

cross-over structures per unit thickness (maximum 
electric field strength). 

. high dielectric resistance (as measured by leakage 
current for an applied voltage) per unit thickness 

. low number of short circuits measured between metal 
layers for capacitor and cross-over structures as 
well as between interdigitated fingers for each 
metal level 

. high interface dielectric resistance (as measured 
between interdigitated fingers for each metal level) 

Taking all of these desirable parameters into account, a 
dielectric and a comprehensive dielectric figure of merit 
(CDFM) have been defined (see next subsections) . Based on these 
definitions, calculations for each dielectric have been undertaken 
and the results shown in Tables 40 and 41 for no anneal and 
final anneal cases. In addition, representation of the top ten 
dielectrics as per their CDFM value are shown in Figures 101 through 
103. Figure 103 represents the results if two micron thick 
polyimide (twice the normalized breakdown voltage and dielectric 
resistanca) are compared to one micron thick dielectric for all 
others considered. 
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Cl - DIELECTRIC FIGURE OF MERIT - D.F.M. 


D.F.M. = [NOR-B.V.][NOR-R^][l/N S.C.] 


where 

NOR-B.V. = Nonnalized Breakdovm Voltage fvolts/roicron) 


= Measured Breakdown Voltage _ B .V. 
Dielectric Thickness t 


NOR-Rjj 


1 

N 

s.c. 


Maximum Electric Field Strength 

Normalized Dielectric Resistance (ohms /micron) 

V V 

applied ^ 1 a 1 

I, , Dielectric Thickness I„ t 

leakage i 


A degradation in DFM by up to 50% due to the 
measured number of short circuits (s.c.) per 
wafer (76 die) in capacitors or cross-overs. 

1 - 6.58xl0"^(#s.c.) 


C2 -COMPREHENSIVE DIELECTRIC FIGURE OF MERIT - C. D.F.M. 


C. D.F.M. = [Capacitor D.F.M. ] [Cross-Over D.F.M.] R^ 


where 


R 


I 


.F. 


and 


Interface dielectric resistance measured between 
interdigitated fingers (I.F.) for both first 
level (Rj. p _^) and second level (R^ p 

metal layers . 


^^I.F.-l^^^I.F.-2^ ^^'^^IF-s.c. 


) 


= A degradation in R by up to 50% due to the sum 

X • J. • 

of the measured number of short circuits per wafer 
(76 die) in the first and second level metal inter- 
digitated finger test pattern. 

= 1-6.58x10 ^(//s.c, in first and second level I.F.'s) 
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C3 - SAMPLE CALCULATION OF C.D.F.M. 

Wafer 2-22 After Final Anneal Temperature 


C.D.F.M. = (Capacitor D.F.M.) (Cross-Over D.F,M,)R 

I 4 F 


where 

Capacitor D.F.M. = (NOR-B.V. ) (NOR-IL ) (1/C ) 

u s . c . 

arid 

measured B.V. = 530 volts 


leakage = 0.45 pico-amp for 142 volts applied 
thickness = 1.0pm 

530 volts 


NOR-B.V. == 


1.0 pro 


= 530 volts/pm 


V 


NOR- 




applied 1 142 volts 1 ^ r«12 , / 

— = h / e "a — — = 315.6x10 ohms/pm 

It , t 0.45pA 1.0pm ^ 

leakage 


Number of capacitor short circuits in 76 die = 2 


1/C 


s.c. 


100 


50( -^1^) + 50 


= 1-6. 579x10"^ (#s.c.) 


= 1-6. 58x10"^ (2) = 0.987 


Therefore : 

Capacitor D.F.M. = (530 volts/pm) (315 . 6xl0^^ohm/pm) (0. 987) 
= 165.1x10^^ volt-ohm/pm^ 

Also 

Cross-over D.F.M. = (NOR-B.V.) (NOR-R^) (l/CO^ 
measured B.V. = 560 volts 
^leakage = 172 pA 
thickness = 1.0pm 
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NOR-B.V. = 560 volts ^ volts/pm 

1 Vim 

- m fl — os " 0-826*1 o12 

Number of cross-over short circuits in 76 die = 0 

1/CO = 1 

s.c. 

and 

Cross-over D.P.M. = (560 volts/pm) (0. 826xl0^^ohm/ym) (1. 0) 
= 462.56x10^^ volt-ohm/ym^ 

Now 

^I.F, ^ ^ 


Measured leakage current for 1st level = 97 pA 
Measured leakage current for 2nd level = 157 pA 


^^F-1^ ^^lF-2^ 


,142 volts, ,142 volts 

V 0-7 ^ A V 


97 pA 


157 pA 


) = 


24 2 

1.324x10 ohm 


Number of interdigitated finger short circuit for 
first level metal is 1, and for second level 
metal 1; total for both levels 2 


1/R„ = 1-6. 58x10“^ (2) = 0.987 

xr— S . C . 


Thus 


24 24 2 

Rj P = (1.324x10 ) (0.987) = 1.307x10 ohm 


C.D.F.M. =[(165.1x10^^ volt-ohm/ym^) (462.56xl0^^volt-ohm/ym^) 

2 4 

,„24 ,2^, „ ,„52 volts ohms 

(1.307x10 ohm )] = 9,981x10 
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0RIGit4AL 
OF POOR QUALITY 



Table 40. Calculated values of dielectric figure of merits (D.F.M.) 

and the comprehensive dielectric figure of merit (C. D.F.M.) 
for all wafers tested prior to temperature annealing. 
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ORJGIMAL PAG- jS 
OF POOR QUALITY 


WATER 

CAPACITOR 

(FINAL ANNEAL TEMP.) 

CROSS-OVER 
(FINAL ANNEAL TEMP.) 

INTERDIGITATED 

FINGERS 

CDFM 

53 

XIO^ 

sr r w 
a 

: j . a: oS 
cs E- 

CDFM 

XI 0^^ 

^NOR 

XIO^'^ 

^'^NOR 

//s » c . 

DFM 

XIO^^ 

^fOR 

XIO^^ 

“'^NOR 




//s.c. 
2-1. F 

^^^^22 

XIO 

1-7 

290 

163 

3 

463 

6.3 

480 

5 

292 

1 

0 

72.4 

98 


9-2 

51.6 

545 

0 

281 

22.6 

523 

0 

1185 

0 

8 

1624 

5406 


9-8 

12.7 

254 

0 

32 

5.6 

243 

0 

135 

2 

3 

133 

5.8 


2-22 

316 

530 

2 

1651 

8.26 

560 

0 

463 

1 

1 

131 

998 


2-8 

1183 

580 

4 

6685 

10.1 

520 

4 

512 

2 

1 

189 

6463 


2-15 , 

394 

46 7 

1 

1829 

14.3 

467 

0 

666 

3 

6 

561 

6832 


2-2 

728 

446 

0 

3248 

11.5 

442 

0 

508 

0 

4 

415 

6852 


7-2 

17.3 


1 

678 

4.5 

383 

2 

17] 

0 

2 

117 

125 


7-13 

98.6 

413 

2 

402 

5.4 

431 

2 

229 

0 

1 

167 

154 


3-23 

1495 

568 

2 

8380 

9.96 

568 

34 

439 

0 

0 

157 

5776 


3-9 

759 

491 

23 

3165 

4.3 

418 

31 

143 

0 

1 

42 

190 


3-6 

1291 

482 

1 

6178 

4.9 

450 

1 

218 

2 

1 

58 

780 


7-25 

99 

545 

2 

534 

13.3 

482 

1 

637 

0 

1 

455 

1548 


7-15 

0.07 

413 

0 

0.31 

0.18 

500 

2 

8.8 

] 

2 

4.4 

•0 


7-14 

40.3 

365 

2 

145 

7.36 

459 

0 

338 

1 

5 

87 

43 


3-25 

197 

444 

27 

720 

26.5 

600 

55 

1014 

1 

1 

527 

3849 


5-14 

s.c. 

s-c. 

76 

- 

S.C. 

- 

76 

- 

0 

1 

0.02 

- 


5-21 

0.6 

220 

2 

1.3 

0.98 

355 

2 

34.3 

0 

1 

1.2 

'0 


8-3 

0.01 

257 

3 

0.03 

0.98 

193 

2 

18.7 

0 

2 

2,0 

'0 


5-3 

11.6 

450 


48.6 

0.84 


20 

26.6 

0 

1 

32 

0.4 


5-12 

430 

477 


2053 

8.5 

364 

0 

309 

0 

1 

198 

1258 


8-10 

338 

571 


193 

8.46 

386 

1 

324 

0 

1 

67 

42 


9-16 

710 

310 


2201 

4.98 

350 


174 

0 

1 

51 

196 

3130 

9-25 

0.17 

250 


0.43 

3.94 

238 

0 

94 

0 

1 

21 

■ 0 

0.1 

8-18 

631 

377 

0 

2379 

5.06 

343 

1 

172 

1 

1 

113 

463 

7400 

8-20 

129 

291 

0 

376 

4.45 

282 

0 

126 

1 

2 

52 

25 

397 

8-22 

118 

392 

0 

464 

4.3 

390 

0 

168 

0 

1 

56 

44 

697 

8-24 

271 

377 

n 

1013 

5.7 

360 

1 

203 

1 

2 

143 

294 

4679 

8-25 

126 

320 

D 

404 

4.45 

184 

0 

82 

0 

2 

65 

22 

349 

8-13 

835 

282 

B 

2356 

8.8 

, ■,! 

330 

1 

291 

0 

3 

398 

2723 

44238 


Table 41. Calculated values of dielectric -figure of merit (D.F.M.) 

and the conigrehensive D.F.M. for all wafers after final 
anneal (400 C for 30 minutes for polyimides, and 500 C 
for 30 minutes for all others). 
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WAFER NUMBER 


ORIGINAL PAGE IS 
OF POOR QUALITY 


NO TEMPERATURE ANNEAL 


Undoped Low Pressure CVD Oxide plus Hitachi PIQ-13 


7~13 I Hitachi PIO plus Undoped Low Pressure CVD ojcide 


Undoped Plasma Enhanced Oxide plus Hitachi PIQ 


Doped Plasma Enhanced Oxide 


Hitachi P1Q~13 


Doped Low Pressure CVD Oxide plus Hitachi PIQ-13 


3-25 I I Undoped Plasma Enhanced Oxide 


2-8 1 1 Doped Low Pressure CVD Oxide 


8-24 11 Dupont PI-2555 


5-12 11 Plasma Enhanced Nitride plus Hitachi PIQ-13 


Percentage C.D.F.M. (%) 

Figure 101. Ranking of the top ten wafers (of the 30 tested) in 
percentage having the highest C.D.F.M. before any 
annealing temperatures based on wafer 2-2 (highest) 
with a C.D.F.M. = 14,367x10^^ volts^.ohm'^/ym'^. 


- 128 - 


WAFER NUMBER 


ORIGiWAL PAG£ IS 
OF POOR QUALITY 


AFTER FINAL ANNEAL TEMPERATURE 
(400°C“polyimides, SOO^C-all other) 


Undoped Low Pressure CVD Oxide plus Hitachi PIO-13 


Doped Low Pressure CVD Oxide plus Hitachi PIQ-13 


Doped Low Pressure CVD Oxide 


Doped Plasma Enhanced Oxide 


Doped Atmospheric CVD Oxide 


3-25 Undoped Plasma Enhanced Oxide 


8-13 Hitachi PIQ-13 


Undoped Plasma Enhanced Oxide plus Hitachi PIQ-13 


Plasma Enhanced Nitride plus Hitachi PIQ-13 


Undoped Low Pressure CVD Oxide 


Percentage C.D.F.M. (1%) 


Figure 102. Ranking of the top ten wafers (of the 30 tested) in 
percentage having the highest C.D.F.M. after final 
temperature anneal based on wafer 2-2 (highest) with 
a C.D.F.M. = 6852 x 1033 volts^.ohm^/yra^. 






WAFER NUMBER 


AFTER FINAL ANNEAL TEMPERATURE 
(400®C-polyimides , SOO^C-all others) 


ORIGiNAL PAGE IS 
OF POOR QUALITY 


■i- 


$ 

■» 



Percentage C.D.F.M. (%) 

Figure 103. Ranking of the top ten wafers (of the 30 tested) in 
percentage having the highest C.D.F.M. after final 
temperature anneal based on wafer 8-13 (highest) 
assuming two micron thick polylmides whereas all 
other dielectrics and composits are one micron thick. 
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ORiGlNAL PAGE IS 
OF POOR quality 


D. Pinhole Count 

Using the decoration technique, the procedure is as 
follows : 


DIELECTRIC 


V / 

< I 

11 


, Silicon ^ ! 


SILICON 
/ / SUBSTRATE 

' / ! ! , 


! I 


/ 



Aluminum (approx, 2000A) 

Si 02 approx. 120oA, or 
royal blue field 


1. Deposit dielectric (or combination of dielectrics) as 
indicated above. 


2. Dip wafer in hot phosphoric acid a time equivalent to 
3 to 5 times the aluminum thickness etch time. Rinse 
wafer in D.I. H 2 O. 

3. Strip dielectric. 

4. Monitor etch pits in Al (dark blue silicon dioxide 
field easily distinguished at etched ‘locations) . Estimate 
average pinhole density per unit centimeter. 

5. Pinhole density is a function of dielectric material and 
its thickness. 

6. An extension of this test can be used to monitor the 
integrity (ie, pinhole density) of the photoresist 
used in patterning the dielectric. 


Improved results can be obtained if etching in the hot phosphoric 
acid mixture is accomplished ultrasonically. Typical pinholes as 
observed in the microscope are shown in Figures 104 and 105. 


RLA^.•^ 


•'ir: rhjr^GRAPM 



Figure lOA. Wafer 4-7. Micrograph of a pin-hole location as etched 
through low-pressure CVD oxide into the thin aluminum 
of the test pattern. The oxide has not yet been removed. 







■ *v.v‘ 

... ••.cr*;.;. . 









Figure 105. Wafer 4-10. A pin-hole in plasma deposited oxide (from 
Pacific Western) resulting from removing particulates in 
the scrubber. Notice void where particulate was before 
scrubber removal. 
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E. Adhesion and Life Testing 

In order to monitor the adhesion of the second level metal 
to the various dielectrics as well as the adhesion of the dielectrics 
to the substrate, a pressure-temperature-humidity-bias (PTHB) test 
chamber had to be constructed. A modified pressui'e cooker was 
used as shown in Figure 106, consisting of a heater controlled 
wafer chuck (temperature monitored with a thermocouple) , a 
couple of wafer probes , a means of introducing an inert gas and 
a pressure gauge to monitor the pressure accurately. The complete 
set-up is shown in Figure 107. 

A summary of the number of pinholes as determined from the 
decoration test and the adhesion characteristics of top metal 
to the dielectric and also the dielectric to the substrate 
(over aluminum) using the scotch tape stress tape is given in 
Table 42. The presence of pinholes in the dielectric was first 
determined by measuring the resistance between the top and 
bottom level metals (of lot MSA) for the whole wafer covered 
with metal. All were short circuited. Next, the top level metal 
was patterned into one centimeter squares, with each wafer having 
14 to 16 whole one square centimeter areas. The number of these 
squares which were open circuited compared to the total is given 
in Table 42 as the first column under the pinhole test data. These 
wafers were next exposed to room temperature water, boiling water 
and pressurized steam (15 psi) for 15 minutes each. After each 
exposure to water, the wafers were spun dry and dehydrated at 80°C 
in an oven for 15 minutes. Using Scotch tape securely attached 
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T' r-- >TOCRAF^H 


% 


Figure 106, Illustration of pressure cooker arranged for making 
pressure-temperature-humidity-bias test . 




I 


( 
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to the surface, a rapid pull of the tape perpendicular to the 

wafer removes a portion of the top level metal in some cases. 

The percentage of top metal removed is given in Table 42. 

It should be noted that prior to performing the top metal 

adhesion test, it was attempted to pattern the dielectric using 
2 

the top 1 cm metal squares as a mask. The oxides were rather 
easily patterned, but the polyimides had to be left in hydrazdne 
for an extended period of time (2 hours). Tnis dielectric 
patterning attempt probably affected the top metal adhesion 
tests. 

Next, the top level metal was removed in a hot phosphoric 
mixture and then allowed to sit in the ultrasonic etch for a 
period of time (15 minutes). This allowed the etching of the 
bottom metal through the dielectric pinholes. The average 
number of pinholes counted per dielectric is given in Table 42, 

After counting the pinholes using a calibrated microscope, 
the wafers were exposed to room temperature water, boiling 
water and pressurized steam again such that the Scotch tape 
adhesion test could be performed on the dielectrics. The 
percentage dielectric lifted is given in Table 42, 


ORIGINAL PAGE JS 
OF POOR QUALITY 


PINHOLE 

TEST 

WAFERS 

DIELECTRIC 

TYPE 

PINHOLE TEST 

SCOTCH TAPE TEST (% lift-off) 

Top Metal 

Dielectric 

1 2 
1cm 

(ffr'l 

Icm^ 

%o.c. 

Avg . li 
pinholes 
per cm^ 

25 ”0 

H2° 

15 min 

100°C 
H 2 O 
15 min 

15psi 

120'’C 

15min. 

25"C 

H 2 O 

15min 

100“C 

H 2 O 

30min. 

13psi 

120“C 

30min 

4-6 

IpD-LP-Ox 

0/14 

0 

6,3(3) 

0(a) 

0(a) 

0(a) 

90 

95 

95 

4-7 

IpD-LP-Ox 

0/14 

0 

8,3 

0(a) 

0(a) 

0(a) 

60 

70 

70 

4-8 

0.25g D-LP-Ox+PIO 

16/16 

100 

1.2 

90(b) 

95 

100(c) 

100 

100 

100 

4-9 

luD-PE-Ox 

15/15 

100 

0.2 

0(a) 

0(a) 

0(a) 

90 

95 

95 

4-10 

IpD-PE-Ox 

13/13 

100 

0.3 

0(a) 

0(a) 

0(a) 

95 

95 

95 

4-U 

0.25pD-PE-Ox+PI0 

13/14 

93 

0. 25 

0 

0 

0 

100 

100 

100 

4-12 

luPE-NiC 

11/14 

79 

1.1 

0 

0 

0 

15 

15 

15 

4-13 

0.25wPE-Nit + PIO 

16/16 

100 

0.2 

0 

0 

0 

95 

100 

100 

4-14 

0.5g Otz 

0/13 

0 

>100 

0(d) 

0(d) 

0(d) 

90 

80(k) 

95 

4-15 

O.lijntz+PIQ 

13/14 

93 

1.0 

0 

0 

0 

65 

65 

65 

4-16 

PIQ+0.25pD-LP-Ox 

8/14 

57 

0.4 

0(e) 

0(e) 

0(c) 

65 

70 

76 

4-17 

PI0+0.25gD-PE-0x 

- 

- 

2.0 

100 

100 

100(f) 

100 

100 

100 

4-18 

Pin+0.25uPE-Nic 

14/14 

lOO 

0.08 

0(g) 

0(g) 

0(g) 

0 

0 

5 

4-19 

PIO+O.liiQtz 

- 

- 

30 

(h) 

(h) 

(h) 

100 

100 

100 

4-20 

0.4;iD-Ox+PIQ 

14/14 

100 

0.7 

80(1) 

90 

100 

90 

100 

100 

4-21 

0.7pPIQ 

6/14 

43 

>100 

90(i) 

95 

100 

95 

100 

95 

4-22 

0.75pPI-2555 

0/14 

0 

13,1 

90(i) 

95 

100 

95 

95 

100 

4-23 

1.2uPIQ 

8/16 

50 

1.3 

50(i) 

70 

100 

95 

95 

100 

4-24 

1.2u PI-2555 

5/14 

36 

18.7 

85(i) 

95 

100 

95 

100 

100 


NOTES : 

s.c. = short circuit 

o»c* — open circuit (resistance measurctnent between metals utilized mercury probe) 

(a) top metal did not lift but oxide in the scribe lines did lift off 

(b) 90Z top metal lifted plus 207, of the polyimide lifted 

(c) 100% top metal lifted plus 90% of the polyimide lifted 

(d) quartz in scribe lines lifted 

(e) oxide in scribe lines lifted, polyimide stayed 

(f) all metal lifted, break at oxide-polyimide interface 

(g) nitride in scribe lines lifted 

(h) top metal was removed in prior processing 

(i) wafer had been in hydrazine for 2 hours trying to pattern 

polyimide in scribe lines prior to this test 

(j) average number of squares inspected was 8, inspection made by microscope 
one area on wafer exhibited excellent adherence 


Table 42. A summary of the number of pinholes as determined from 
the decoration test and the adhesion characteristic of 
top metal to the dielectric and also the dielectric to 
the substrate (over aluminum) using the Scotch tape 
stress test. 
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V. 


CONCLUSIONS AND RECOMMENDATIONS 


Based upon the defined comprehensive dielectric figure of 
merit (C.D.E.M.) after final anneal temperatures, the low 
pressure CVD oxide combined with polyimide as well as low pressure 
CVD oxides and plasma enhanced oxides by themselves look very 
promising. Similar results are observed for these dielectrics 
having no temperature anneal. If two micron thick polyimides 
are allowed to be compared to all other dielectrics which are 
one micron thick (since they do not increase in stress with 
increased thickness and since most polyimides used in the 
semiconductor industry today are 1.5 to 2 microns in thickness), 
then polyimides look very promising. 

It should be noted that the thickness of the dielectrics 
on wafer lot MS4 (the pinhole test wafers) was not measured, 
and from the pinhole count results, it is suspected that much 
thinner dielectrics existed on these wafers (especially for 
polyimides) than anticipated, or the fact that too many 
experiments were conducted on these wafers to render representative 
results may be an equally valid explanation. 

It should also be noted that the sputtered quartz as 
received from the vendor was thin and enhibited poor adherence to 
the substrate. Much of this dielectric was removed in attempting 
to pattern via holes in the thin quartz (1000 S.) for use with 
polyimide composites prior to depositing second level metal. Thus, 
it exhibited the poorest qualifications as a dielectric as 
determined from our testing procedure. 
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For future recommendations, it is suggested that an 


investigation of other dielectric combinations be conducted. 

In the study just completed, only dielectrics by themselves 
(atmospheric, LPCVD, plasma and sputtered oxides, plasma nitrides 
and polyimide) or these dielectrics combined with polyiroide 
were investigated. To complete this study, a look at other dielectric 
combinations should be undertaken and their advantages utilized 
(i.e. , by depositing a more denser plasma oxide first and then 
followed by a less denser low pressure or atmospheric oxide, 
excellent via wall slopes may be realized in patterning this 
combination; nitride over polyimide proved excellent in the present 
study in pinhole density and film adhesion under pressurized 
steam, what about nitride over oxides, etc.) 
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